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APPENDIX D 


DESIGN ANALYSIS 


SECTION A 
INTRO DU CTION 


Dl. Purpose. The purpose of this Appendix is to present the design 
criteria, procedures, and calculations associated with the design of the 
principal features of the Big Creek Flood Control Project. 


D2. Previous Studies. Prerequisites to this Appendix are Appendix A: 
Soil, Geology, and Construction Materials; Appendix B: Alternative stud- 
les; and Appendix C: Hydrology and Hydraulics. The results of the sub- 
surface expioration program, presented in Appendix A, established the 
general adequacy of the site for the flood control project. The field and 
laboratory testing program determined the various engineering properties 
of the project soils and borrow material required for the design analysis. 
In Appendix B, various alternatives for the principal features of the pro- 
ject were studied, and an alternative was selected for final design. The 
water surface profile presented in Appendix C was used for setting the tops 
of the various containment structures, and the channe) velocities present- 
ed in Appendix C were used for sizing riprap and gabion protection. 
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SECTION B 
STRUCTURAL DESIGN 


D3. General, This Section presents the basic data, design criteria, 
assumptions and loading conditions used in designing the various struc- 
tures of the Big Creek Flood Control Project. Design computations for the 
hydraulic structures are presented in Subappendix D1. Design computa- 
tions for the relocated Baltimore and Ohio Railroad mainline bridge, the 
Baltimore and Ohio Railroad spurline bridge, and the temporary trestle 

for the Norfolk and Western Railroad are presented in Subappendix D2, 


D4, Design Criteria. Design stresses, design criteria, loading con~ 
ditions, assumptions and methods were based on applicable Corps of 
Engineers’ engineering and design manuals or on industry codes, supple~ 
mented where necessary by conservative judgment and experience. Pub-~ 
lications used in establishing design criteria include the following: 


Manuals - Corps of Engineers 


(1) EM 1110-2-2000, 1 November 1971, "Standard Practice of Concrete". 

(2) EM 1110-2-2101, 1 November 1963, "Working Stress for Structural 
Design". 

(3) EM 1110-2-2103, 21 May 1971, “Details of Reinforcement- 


Hydraulic Structures". 
(4) EM 1110-2-2400, 2 November 1964, "Structural Design of Spillway 


and Outlet Works". 
(5) EM 1110-2-2501, 18 June 1962, "Floodwalls". 
(6) EM 1110-2-2502, 29 May 1961, "Retaining Walls". 


Engineering Technical Letters-Corps of Engineers 
(1) ETL1110-2-184, 25 February 1974, "Gravity Dam Design-Stability". 
(2) ETL1110-2-236, 30 June 1978, "Design Criteria~Paved Con- 
crete Flood Control Channels". 


Other Publications 


(1) ACI Building Code (ACI 318-77). 

(2) ACI Design Handbook (ACI SP=3). 

(3) ACI Design Handbook (ACI SP-17~-73). 

(4) AISC Manual of Steel Construction, 1970, with supplement dated 
September 1978. 

(5) Manual for Railway Engineering, American Railway Engineering 
Association, 1975. 

(6) Stresses in Framed Structures, Hool and Kinne, 1942, McGraw Hill. 

(7) Standard Specifications for Highway Bridges, American Association 
of State Highway and Transportation Officials, 1977 and 1978 Interim. 


(8) Structura] Welding Code, D1,1-75 including Revision 1-76 and 
Revision 2-77, American Welding Society. 
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DS. Concrete. The reinforced concrete hydraulic structures were design- 
ed with working stresses given in the ACI Building Code and based on an 
ultimate compressive strength (f" .) of 3,000 psi at 28 days. Working stress 
modifications for hydraulic structures are in accordance with EM 1110-2- 
2101. Reinforced concrete railroad structures were designed with working 
stresses given in the AREA Manual and based on an ultimate compressive 
strength (f'.,) of 3,000 psi at 28 days. 


D6. Goncrete Working Stresses. The following table lists the concrete 
and reinforced concrete working stresses used in design. 


Concrete Working Stresses 
Hydraulic Structures 


Working Stress 
si 


Compressive Stress (f'c) 
f'. = 3,000 psi 


Flexure (f.) 
Extreme fiber stress in compression, 


0.35 fF 1,050 


Extreme fiber stress in tension (plain concrete 
for footings, walls, and on downstream 
toe of spillway weir, but not for other 
portions of gravity sections) 1.2 Vf", 66 


Extreme fiber stress in tension (for other portions 
of gravity sections, where permitted by 
pertinent engineering manual) 0.6 Vf',, 33 


Shear (v) (As a measure of diagonal tension at a distance 
"d" from the face of the support). 


Beams with no web reinforcement, 1.1 VE'G 60 
Members with vertical or inclined web rein- 

forcement or properly combined bent 

bars and vertical stirrups, 5.5 Ni. 300 


Slabs and footings, 2 VE". 110 


Bond (u) 
With "D” equal to the nominal bar diameter in 
§ inches, the bond stress shall not 
exceed the following: 


For tension bars with size and de- 
formation conforming to ASTM A 615, A 617: 
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Top Bars___——Cs<‘CsC‘<—C~CSSSCS3'«. A VF, 350 Max. 


D 
Bars other than top bars _ 4.8 VE. 900 Max. 
D 


Bearing (f c) 
On full area, 0.25 £' 750 
On one-third area or less, 0.375 f', 1,125 


When the loaded area is greater than one-third but less than the 


full area, the bearing stress will be interpolated between the values given. 


Modular Ratio (n) 
n=9.2 


Concrete Working Stresses 
Railroad Structures 


(AREA) 


Working Stress 
si 


Compressive Stress (f'c) 
f'. = 3,000 psi 


Flexure (f<) 


Extreme fiber stress in compression, 
0.45 f', 1,350 


Shear (v) (As a measure of diagonal tension at a distance 
"d" from the face of the support). 


Slabs and footings (peripheral shear, 
Sec. F, Art. 8) 2Vf 110 


Bond (u) 


(1) Tension bars No. 3 - No. 11 with deformations 
conforming to ASTM A 615, A 617 ("D" is 
the nominal diameter of bar, inches): 


Top Bars 


3..4Vf Gs 350 Max. 
D 

Top bars in reference to bond are 

horizontal bars so placed that more than 

12 inches of concrete is cast in the 

member below the bar. 

Bars other than top bars 4.8-Vf'c, 500 Max. 


D 
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(2) All compression bars with deformations 


conforming to ASTM A 615, A 617 6.5 Vf",, 400 Max. 


Bearing (f D 
Full area loaded, 0.25 f'c 750 


Modular Ratio (n) 


The ratio of the modulus of elasticity of steel 
to that of concrete, Es/Ec, equals "n" 
and shall be based upon the compressive 
strength of the concrete as follows: 


For f', (psi) between 3,000 and 
3,999 n= 10 


D7. Reinforcing Steel. All reinforcing steel bars for both the hydrau- 
lic structures and the railroad structures were designed for the working 
stresses of new billet steel, intermediate grade, deformed bars conform- 
ing to ASTM A 615 or A 617, Grade 40. Working stresses for hydraulic 
structures are in accordance with the requirements of the ACI Building 
Code, except as modified in EM 1110-2-2101. The flexural (f,) working 
stress, with or without axial loads, is 20,000 psi for both the hydraulic 
structures and the railroad structures. 


D8. Minimum embedment lengths and splice lengths for the hydraulic 
structures conform to ACI 318-77 and EM 1110-2-2103. Minimum embed- 
ment lengths and splice lengths for the railroad structures conform to 

the AREA Manual. Splices at points of maximum moments were avoided 
and, where possible, were staggered in adjacent bars, When the struc- 
tural analysis indicated that bending and direct stress exists under the 
critical loading, reinforcing steel, if required, was computed for both 
bending moment and axial! load. 


D9. Temperature and shrinkage reinforcement for the hydraulic struc- 
tures was in accordance with the applicable requirements of ACI 318-77, 
EM 1110-2-2103, and EM 1110-2-2400. Temperature and shrinkage rein- 
yaaa for the railroad structures was in accordance with the AREA 
Manual. 


D10. Structural Steel. Structural steel was designed for ASTM A36, 
Fy = 36,000 psi. Bolted connections were designed for ASTM A325, 
H.S. Bolts. 


Dll. Basic Data and Assumptions. The following basic data and 
assumptions were used in design of the hydraulic structures: 


(1) Dead loads (pounds per cubic foot). 


compacted backfill, saturated 125 

compacted backfill, moist 125 

compacted backfill, submerged 62.5 

concrete, plain and reinforced 150 
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(2) Live loads. 


water (pounds per cubic foot) 62.5 
wind (pounds per square foot) 30.0 
live load surcharge - equivalent to 2 feet of 

soil 


| (3) Water pressure. 
| Hydrostatic pressure as in submerged fill and free water, 
| were applied to structures by conventional pressure dis- 
| tribution. Uplift pressures are treated in subsequent 
paragraphs where loading conditions are given. 
(4) Earth pressures, 
Vertical earth loads were given unit weight in accor- 
dance with assigned loading conditions. In general, 


lateral earth |p clebr eie were determined in accordance 
with Corps of Engineers’ manual EM 1110-2-2502. 


(S) Frost protection. 
4 minimum protective earth cover of 4 feet was used for 
frost protection. 


D12. Joints in Concrete Construction. Joints in concrete construction 
will be provided as follows: 


(1) Horizontal and vertical contraction joints. 
The concrete elements of the various structures will be 


separated by contraction joints to relieve restraint and 
minimize the development of cracks. Reinforcement will 
not extend across the joints, and concrete bond will be 
broken by the application of a bituminous coating. Rubber 
or polyvinyl-chloride waterstops will be used in contrac- 
tion joints to prevent water flow and subsequent damage. 
For concrete structures that function similar to floodwalls 
and have a design water surface that is higher than the 
adjacent existing ground surface, waterstops will be used 
in horizontal and vertical contraction joints to prevent 
water flow from the channel] side to the land side of the 
structure. For concrete structures that will act solely as 
retaining structures, waterstops will be used in vertical 
contraction joints to prevent piping of backfill material 
through the contraction joints. Waterstops will not be 
used in horizontal contraction joints of concrete struc- 
tures founded on rock. 


(2) Horizontal and vertical construction joints. 
These joints will be located to facilitate construction pro- 


cedure and minimize shrinkage cracks. The reinforcement 
will be continuous through the construction joint. 


(3) Expansion joints. 


Expansion joints will be provided for volume change of 
the concrete, prevention of spalling, and prevention of 
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serious effects from cracking. A premolded 1/2-inch joint filler will be 
installed in the joints. 


D113. Railroad Bridges and Temporary Trestle. The Baltimore and Ohio 
Railroad mainline and spurline bridges and the temporary trestle for the 


Norfolk and Western Railroad were designed in accordance with the 
American Railway Engineering Association (AREA) Manual for Railway Engi- 
neering, Chapter 8 - Concrete Structures and Foundations and Chapter 15 - 
Steel Structures, 


D14,. The superstructures were designed for loads and forces as shown 

in AREA Chapter 15 with recommended live load Cooper E80 with diesel 
impact. AREA recommends Cooper E80 loading for steel structures (Page 15- 
1-6). Structural steel was designed for ASTM A36, Fy 36,000 psi. Bolted 
connections were designed for ASTM A325, H.S. Bolts. Fatigue design 

was in accordance with American Welding Society (AWS) Structural Welding 
Code D1.1, Revision 2-77. All welding was designed in accordance with 
AREA and AWS criteria. 


D15. The substructures were designed for loads and forces as shown in 
AREA Chapter 8 with recommended live load Cooper E72 without impact. 
AREA recommends Cooper E72 loading for concrete structures (Page 8-2-3). 
Ice and stream flow loads were in accordance with the American Association 
of State Highway and Transportation Officials Standard Specifications for 
Highway Bridges, 1978 Interim. Abutments and wings were designed as 
semi-gravity type founded on rock with an allowable foundation pressure 

of 10 kips per square foot. Structural backfill shall be AREA Type 1 gran- 
ular backfill. 


D16. The temporary trestle was designed for the same loads and forces 
as the superstructures. Structural steel, bolted connections, and weld- 
ing design were the same as for the superstructures. Piles were designed 
for HP12 x 74, ASTM A36, with maximum allowable design pile load equal 
to 100 tons based on 9,000 psi point pressure. 


D17. Goncrete Chute-Transition At Upstream End of Project, The chute- 
transition at the upstream end of the project was designed as two reinforced 


concrete L-walls with a reinforced concrete slab between. The same de- 
sign was used for both the section of the zoo access road immediately adja- 
cent to the chute-transition and for the section of road leading to the Brook- 
side Park Drive underpass that is immediately adjacent to the chute- 
transition. Reinforced concrete keys will be provided at both the upstream 
and downstream ends of the chute-transition, There is no specific design 
requirement for these keys; however, based on engineering judgment it is 
felt that for a hydraulic structure of this type keys are desirable. The key 
at the upstream end of the structure will reduce underseepage, and it will 
lessen the possibility of undermining of the slab if erosion of the upstream 
soil occurs. The key at the downstream end of the structure will reduce 
underseepage, and it will help in preventing the underdrainage system from 
being overtaxed. A drainage system will be provided behind the walls, and 
a subdrainage system will be provided for the slabs. Design computations 
are presented in Subappendix D1. 
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D18. The L~walls were designed as retaining walls except for about a 
50-foot reach at the right bank near the downstream end of the two-barre] 
conduit. Along this reach, the chute-transition will be close to the end 
of the two-barrel conduit, and the amount of backfill that can be placed is 
limited. The lowest point of the top of backfill is at about the chute- 
transition grade. This reach of wall was designed as a floodwall. The 
sudden drawdown condition was used for the retaining wall design. The 
design flood condition was used for the floodwall design. Loading condi- 
tions are as follows: 


Case [I ~- Sudden Drawdown Condition 


(a) Chute-transition empty. 

(b) Backfill at maximum elevation (6 inches below top of wall). 

(c) Backfill submerged to an elevation midway between the design 
water surface and bottom of slab (corresponds to the assump- 
tion of a 50 percent effective wall drainage system). 

(d) Backfill above the level of submergence naturally drained. 

(e) Lateral earth pressure from backfill based on an active 
pressure coefficient (Ka = 0.33). 

(f) Uplift across the base varies uniformly from reduced hydro- 
static head at heel to 3-foot hydrostatic head at inside face 
of wall. Uniform 3-foot hydrostatic head from inside face of 
wall to toe of wall. 


Case II —- Design Flood Condition. 


(a) Water surface at design elevation. 

(b) Backfill at minimum elevation. 

(c) Backfill naturally drained. 

(d) Uplift varying uniformly across the base, 


D19. Stability criteria for the L-walls is as follows: 


(1) Resultant shall be within the middle third of the base. 

(2) Sliding Factor2H/>V shall not exceed 0.60. 

(3) Maximum foundation pressure shall not exceed 2 kips per 
square foot. 


D20. The slab between the walls was designed with consideration given 
to its dual purpose. It will be used as both a floodway channel and a road- 
way. Although a subdrainage system will be provided, it is not assumed 

to be 100 percent effective. The slab at the downstream end of the chute- 
transition will have a zero percent slope. A head will have to develop in 
the subdrainage system in order to drain subsurface water. The slab was 
designed to resist a uniform uplift equal to a 3-foot hydrostatic head. The 
slab design and subdrainage system is presented in Subappendix D1, 


D21. Concrete Transition at End of Three-Barrel Conduit. The transition 


at the end of the three~barrel conduit was designed as two reinforced con- 
crete L-walls with a reinforced concrete slab between. The upstream end 
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of the transition will tie into the existing slab and wingwalls. A reinforced 
concrete key will be provided at the downstream end of the transition. A 
drainage system will be provided behind the walls; and weep holes, drilled 
10 feet into rock, will be provided in the bases of the L-walls and in the 
middle slab. The drainage system is needed to reduce hydrostatic pres- 
sures that are expected to develop from the sudden drawdown condition. 
The 10-foot depth of the weep holes is based on engineering judgment. 

For similar hydraulic structures on other projects, this depth has been 
used for weep holes in rock. Design computations are presented in Sub- 
appendix Dl. 


D22. The L-shaped walls were designed for the sudden drawdown con- 
dition. Loading conditions are as follows: 


Sudden Drawdown Condition, 


(a) Water in the transition at channel grade. 

(b) Backfill 6 inches below top of wall. 

(c) Backfill submerged to an elevation midway between the 
design water surface and channel grade (corresponds to 
the assumption of a 50 percent effective drainage system). 

(d) Backfill above the level of submergence naturally drained. ‘ 

(e) Lateral earth pressure from backfill based on an attest J 
pressure coefficient (Kr = 0.60). 

(f) Uplift uniform across the base (pressure equal to reduced 
hydrostatic head in backfill). 


D23. Since the L-walls will be founded on rock, an at-rest earth pres- 

sure coefficient was used, In accordance with EM 1110-2-2502, Para- 

graph 4e, when using at-rest pressures, resultants located outside the 

middle third are acceptable, provided that maximum foundation pressures | 
are within safe values. The stability criteria is as follows: 


(1) Resultant shall be within the middle half of the base. 
(2) Shear-friction factor of safety shall not be less than 4. 
(3) Maximum foundation pressure shall not exceed 10 kips per | 

square foot. 


D24. The slab between the L-walls was designed to resist a uniform up- 
lift based on the head from the sudden drawdown condition. This corre- 
sponds to the assumption of a 50 percent effective drainage system. Anchor 
bars will be provided as required to ensure stability of the slab. 


D25. Concrete Flume and Retaining Walls at West 25th Street Bridge. 

The flume at the upstream end of the diversion channel was designed as a 
reinforced concrete U-frame. A reinforced concrete key will be provided 

at the downstream end of the flume. A drainage system will be provided 
behind the walls; and weep holes, drilled 10 feet into rock, will be provided 
in the slab. The right side of the flume that is adjacent to the West 25th 
Street bridge pier will require a special bracing system to resist surcharge 
loading from the bridge pier. The bracing system will consist of pre-cast 
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reinforced concrete lagging, vertical structural steel beams, and structural 

steel struts. The bracing system will become an integral part of flume. 

The flume was checked for stability against flotation, and it was found to 
be adequate. Design computations are presented in Subappendix D1. 


D26. The flume was designed for the following loading condition: 
Sudden Drawdown Condition 


(a) Flume empty. 

(b) Backfill 6 inches below top of wall. 

(c) Backfill submerged to elevation midway between the design 
water surface and flume grade (corresponding to the assump- 
tion of 50 percent effective drainage system). 

(d) Backfill above level of submergence naturally drained. 

(e) Lateral earth pressure from backfill based on an at-rest pres- 
sure coefficient (Kr = 0.60). 

(f) Uniform uplift across the base (pressure equal to the reduced 
head in the backfill). 

(g) Surcharge loading from Bridge Pier No. 14 where required. 


| 
; 


D27. At the upstream end of the flume, the wingwalls at the right bank 
and the wall between the flume and the new Baltimore and Ohio Railroad 
mainline bridge abutment were designed as reinforced concrete T-walls. 
Reinforced concrete keys will be provided at the toes of the walls. A 
drainage system will be provided behind the walls. Design computations 
are presented in Subappendix Dl. 


D28. The T-walls were designed for the following loading condition: 
Sudden Drawdown Condition 


(a) Channel empty. 

(b) Backfill 6 inches below top of wall. 

(c) Backfill submerged to elevation midway between the design 
water surface and the channel grade (corresponding to the 
assumption of 50 percent effective drainage system). 

(d) Backfill above level of submergence naturally drained. 

(e) Lateral earth pressure from backfill based on an at-rest pres- 
sure coefficient (Kr = 0.60). 

(f) Uniform uplift across the base (pressure equal to the reduced 
hydrostatic head in the backfill). 


D29. Since the T-walls will be founded on rock, an at-rest earth pres- 
sure coefficient was used. Stability criteria is the same as outlined in 
Paragraph D23. 


D29a. Foundation Conditions for Concrete Structures. Project soils con- 
sist principally of sandy, silty clay. Bedrock at the project site is pre- 
dominately gray shale that is horizontally bedded. A detailed discussion 
on the soils and geology at the project site and the results of the subsur- 
face exploration and testing programs are presented in Appendix A. Except 
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for the chute-transition at the upstream end of the project, all concrete 
structures will be founded on rock. As discussed in Appendix A, the shale 
has the characteristic of air-slaking. For the concrete structures founded 
on rock, the concrete will have to be placed on the foundation immediately 
after excavating to final grade, or the foundation surface will have to be 
protected, such as being kept continuously wet. 


D29b. The chute-transition will be founded on natural overburden material 
consisting principally of sandy, silty clay, classified as CL. Based on 
computations presented in Subappendix Dl, an allowable foundation pres- 
sure Of 2.0 kips per square foot was selected for the soil foundation. The 
two-barrel conduit is located beneath a portion of the chute-transition. 
Care will have to be exercised during construction so as not to damage this 
conduit. Some dewatering is anticipated during construction at the down- 
stream end of the chute-transition. 


D29c. The concrete transition at the end of the three-barre] conduit will 
be founded ona gray, silty shale. Core borings indicate that the founda- 
tion is adequate for the structure. For design, the maximum allowable 
foundation pressure was set at 10 kips per square foot. As the structure 
will be constructed in existing Big Creek, diversion and dewatering will 
be required during construction. 


D29d. The flume at the upstream end of the diversion channel! and the 
associated walls at the upstream end of the flume will be founded ona 
gray shale. Core borings indicate that the foundation is adequate for 
these concrete structures. The maximum allowable foundation pressure 
was set at 10 kips per square foot for design. As the flume will be loca- 
ted between the existing piers of the West 25th Street bridge, care will 
have to be exercised during construction in order not to damage the exis- 
ting piers. It is anticipated that some dewatering will be required during 
construction. 


D29e. The two abutments of the Baltimore and Ohio Railroad mainline 
bridge and the two abutments and pier of the Baltimore and Ohio Railroad 
spurline bridge will be founded ona gray, silty shale. Bottoms of footings 
will be placed in the shale and a value of 10 kips per square foot was 
assigned for maximum allowable foundation pressure. As the concrete 
structures will be constructed in existing Big Creek, diversion and de- 
watering will be required during construction. 
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SECTION C 
RIPRAP AND GABION DESIGN 


D30. General. This Section presents the basic data, design criteria, 
and assumptions used in designing the channel bottom and side slope pro- 
tection for the Big Creek Flood Control Project. Also included in this 
Section is the design of the protection required for the drop structures. 


D31. Design Criteria, Design criteria, assumptions, and methods 
were based on applicable Corps of Engineers' engineering and design 
manuals, supplemented where necessary by conservative judgment and 
experience. Publications used in establishing design criteria include the 
following: 


Manual - Corps of Engineers 


(1) EM 1110-2-1601, "Hydraulic Design of Flood 
Control Channels", 1 July 1970 


Engineering Technical Letter - Corps of Engineers 


(1) ETL 1110-2-120, "Additional Guidance for Riprap 
Channel Protection", 14 May 1971 


Other Publication 


(1) Technical Report H-75-19, Fourmile Run Local 
Flood-Control Project, Alexandria and 
Arlington County, Virginia, Hydraulic Model 
Investigation, U.S. Army Engineer Waterways 
Experiment Station, Vicksburg, Mississippi 
39180, December 1975 


D32. Riprap Design. The riprap was designed in accordance with the 
method presented in EM 1110-2-1601 and ETL 1110-2-120. Average chan- 
nel velocities were used to determine riprap size. Where the channel is 
curved, a bend-loss factor(BLF) was computed by the following formula 
from EM 1110~-2-1601, Plate 34: 


BLF = 3.10 QV) 0.5 


R = Centerline radius of channel curve in feet. 

W = Top width of channel in feet, computed by 
projecting the channel sideslopes to design 
water surface. 


A nonuniform flow factor of 1.5 was used. If the BLF exceeded the nonuni- 


form flow factor, the BLF was used in lieu of the nonuniform flow factor. 
Computations for riprap design are presented in Subappendix D3. The 
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gradation of 12-inch thick riprap and 18-inch thick riprap is presented in 
Appendix A, 


D33. Gabion Design. As an alternative to the use of riprap, the use 

of gabions was Considered in Appendix B, Alternative Studies. The re- 

| | sults of the Alternative Studies showed that gabions are less expensive 
than riprap where required riprap protection is 24-inch thick or greater. 
The required gabion thickness is set equal to one-half the required riprap 
thickness. As discussed in Appendix B, this gabion-riprap relationship 
was established from model tests for the Fourmile Run Local Flood-Control 
Project. 


Technical Report H-75~19, Fourmile Run Local 
Flood-Control!l Project, Alexandria and Arlington 
County, Virginia, Hydraulic Model Investigation, 
U.S. Army Engineer Waterways Experiment Station, 
Vicksburg, Mississippi 39180, December 1975. 


If 24-inch thick riprap is required, then only a 12-inch thick gabion would 
be required. The gradation of stone used to fill gabion baskets is present- 
ed in Appendix A. 


D34, Freeboard. The top of riprap and gabion protection was set 
3.0 feet vertically above design water surface on the levee slope and ‘ 
2.5 feet on all other channel slopes. : 


D35, Bedding Material. A 6-inch thick layer of bedding material will 
be provided beneath both riprap protection and gabion protection. The use 
of filter cloth in lieu of using bedding material was considezed in Appen- 
dix B. However, the filter cloth was found not to be feasible for the proj- 
ect site. The gradation of the bedding material is presented in Appendix A. 


D36. Protection of Air-Slaking Shale. The shale at the project site 

has the characteristic of air-slaking. The need to protect the air-slaking 
shale is discussed in Appendix A. Various alternatives for protecting the 
air-slaking shale were considered in Appendix B. Where the channel 7 
bottom is in bedrock and not continuously wet, riprap protection will be 
provided on the channel bottom where channel velocities are high. 


D37. Summary of Riprap and Gabion Design. The riprap and gabion 
design resulted in the following: 


Station Area Protection Remarks 
Diversion Channel 
® 67+ 74D- 61+00D Banks and Bottom 12" Riprap Diversion Channel 


61+ QO0D- 58+00D Banks and Bottom 18" Riprap Downstream end 
of diversion channel if 
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station Area Protection Remarks 
Floodway. 
112+ 80F-111+80F Banks and Bottom 12" Riprap Downstream end 
of concrete chute 

110+ 20F-109+50F Banks and Bottom 12" Gabions Drop Structure 

105+ Z0F-104+50F Banks and Bottom 12" Gabions eo ueine 
100+ 20F- 99+50F Banks and Bottom 12" Gabions titel : 
95+ 20F- 94+50F Banks and Bottom 12" Gabions Diop weeetas r 
92+ OOF- 91+30F Banks and Bottom 12" Gabions Drop Structure | | 
oO. . 


Modified Channel. 


115+22.5M-114+50M Bottom 12" Riprap Downstream of 
2~barrel conduit 
89+ SOM- 89+00M Banks and Bottom 12" Gabions Downstream of 
3~barrel] conduit 
89+ ODOM-~ 874+65M Left Bank 12" Gabions Confluence 
Area 
89+ OOM- 87+00M ~ Right Bank 12" Gabions Confluence 
Area 
76+ OOM- 74+00M _~ Banks and Bottom* 12" Riprap R.R. spur bridge 
70+ 52D- 69+74D Right Bank 12" Riprap Approach to 
flume 
71+ OOM- 70+00M =~ Left Bank 12" Riprap Mainline B&O 


R.R. bridge 
*except low flow channel. 


D38. Discussion on Design. In general, the riprap and gabion de- 
sign was in accordance with the methods noted. However, a certain amount 
of engineering judgment entered into the design where the hydraulic perfor- 
mance was uncertain. In areas of uncertain hydraulic performance, a con- 
servative approach was taken in selecting the thicknesses of riprap and 
gabions and in determining the lengths of reaches requiring protection. 


D39, In the floodway channel, except at the drop structures, the chan- 
nel velocities vary between 5.4 and 6.3 feet per second (fps). Paragraph 
l3c of EM 1110-2-1601 recommends a maximum mean velocity in Bermuda 
grass-lined channels of 6.0 fps for sandy silt and 8.0 fps for silt clay. 
Although the maximum mean channel velocities are slightly above the rec~ 
ommended maximum, it is not felt that the deviations are sufficiently sig- 
nificant to warrant the expense of riprap protection. Furthermore, the chan- 
nel will be dry most of the time; the floodway only carries flood discharge. 
This will provide good conditions for establishing and maintaining a good 
grass cover. 
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D40. At the downstream end of the concrete transition located at the 
downstream end of three~-barrel conduit, the modified channel is narrow. 
Average channel velocities are high, and the centerline curves are relative- 
ly sharp. The left bank of the modified channel will be overtopped during 
the design flood by flows in the floodway channel. Twelve-inch thick 
gabions (24-inch riprap) was the computed requirement just downstream 

of the concrete transition. These gabions were extended to cover the nose 
where the floodway channel joins the modified channel. Although the 
12-inch gabions selected will provide more protection than computations 
show are needed, the computations do not include the effects of the expec- 
ted turbulence and eddies at the confluence. Because of the overtopping, 
the flow in this reach of the diversion channel may be greater than the 
discharges used in design. The riprap on the right bank of the modified 
channel was extended downstream until it was felt that the flows between 
the floodway channel and the modified channel would be fully combined. 


D4l, Along all of the diversion channel, the computed riprap thickness 
is 12 inches. At the downstream end, an 18-inch thickness is selected. 
This is a confluence area with flows joining at right angles. Turbulence 
and eddies can be expected. The conservative design is therefore believed 
to be warranted. The need for keys in riprap revetment is outlined in 
Paragraph 14K of EM 1110-2~1601. It is stated in this paragraph that 

"the upstream and downstream ends of riprap revetment should be protec- 
ted against erosion by increasing the revetment thickness or extending 

the revetment to areas of noneroding velocities". Although this reference 
pertains to riprap revetment, it is believed to be equally applicable for 
gabion structures. Where riprap and gabions terminate, a change in rough- 
ness occurs and increased turbulence can be expected. Because of the 
increased turbulence, the erosion potential is greater; and, therefore, there 
need for additional protection. Keys are, therefore, used along the edges 
of the riprap or gabions where they terminate. The key detail is a 3-foot 
by 3~foot gabion placed in a trench. Although this detail is not one of the 
standard riprap key details shown in EM 1110-2-1601, it has been used 

on Corps of Engineer Flood Control Projects. It is felt that gabion keys 
provide better protection than riprap keys because they extend further 
below the channel template than the standard keys and because they are 
firmly connected together. 
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SECTION D 
SLOPE STABILITY ANALYSES 


D42. General. A detailed discussion on the soils and geology at the 
project site is presented in Appendix A. Adopted design values for the 
project soils for the slope stability analyses are presented in Appendix A, 
The adopted design values include both shear strength parameters and the 
unit weights of soils involved, 


D43. It is anticipated that the majority of fill used for constructing the 
embankment of the relocated Baltimore and Ohio Railroad mainline will 
come from an offsite borrow area. However, the results of the exploration 
and testing program for the offsite borrow area were not available at the 
time the slope stability analyses had to be run. In order not to delay the 
schedule for completion of the design of the project, it was assumed that 
the shear strength of the borrow material would be equal to or greater than 
the shear strengths of the project soils. This decision was made by the 
Buffalo District, Corps of Engineers during a meeting with Gannett Fleming 
Corddry and Carpenter, Inc., on December 14, 1978. The validity of this 
assumption will have to be checked when the results of the exploration 
and testing program for the offsite borrow area are available. 


D44. References. Publications used in establishing design criteria 
and procedures include the following: 


Manuals - Corps of Engineers 


(1) EM 1110-2~-1902, 27 December 1960, "Stability of Earth and Rock- 
Fill Dams". 

(2) EM 1110-2-1902, 1 April 1970, "Stability of Earth and Rock-Fill 
Dams". 


D45. Cross-Sections. Cross-sections were selected for detailed 
stability analyses for the floodway, modified, and diversion channels. 
Included in the floodway channel sections are the stability analyses of 
the embankment of the relocated Baltimore and Ohio Railroad mainline 

and the levee. In the diversion channel section, the stability of the cut 
in the trash pile was analyzed, as well as the stability of the cuts and 
fills of the relocated Baltimore and Ohio Railroad mainline, Cross- 
sections were selected to reflect various channel templates and the 
various soil classifications, Sections were selected where it was judged 
that the lowest factors of safety would result. The cross-sections were 
simplified as required for stability analysis purposes. The phreatic lines 
used and the lines between different soil materials were assumed based 
on available information and engineering judgment. For stability analyses 
purposes only, the assumed top of rock used for the sections was lowered 
about 3 feet. This is conservative and is believed to be warranted be- 
cause of itregularities in the top of rock and because of weathering and 
decomposition in the top few feet of rock. 
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D46. Gonditions Analyzed and Required Factors of Safety. Each cross- 
section selected was analyzed for the following conditions: 


(1) End of Construction (Case I, Paragraph lla of 
EM 1110-2-1902, 1 April 1970) 

(2) Sudden Drawdown from Design Water Surface 
(Case III, Paragraph 11 of EM 1110~2~-1902, 
1 April 1970) 


D47. In accordance with EM 1110-2-1902, 1 April 1970, the minimum 
factors of safety required are as follows: 


(1) End of Construction Condition 1.3 
(2) Sudden Drawdown Condition 1.2 


D48. Adopted Design Values for Project Soils. The adopted design unit 
weights and shear strength parameters for the project soils for use in the 
slope stability analyses are presented in Appendix A. For convenience, 
they are presented below. The shear test envelopes and the adopted shear 
strength parameters for project soils are presented in Appendix A on Plate 
Al3, Adopted shear strength parameters are needed for the stability analy- 
sis for end of construction condition and sudden drawdown condition. For 
the end of construction condition, only one shear test envelope is avail- 
able for the existing Baltimore and Ohio Railroad embankment material, and 
it was adopted for design. Also, for the end of construction condition, 
only one shear test envelope is available for the existing Norfolk and 
Western Railroad embankment material, and it was selected for design. 

For the end of construction condition, two shear test envelopes are avail- 
able for the natural foundation material. The adopted design envelope for 
the natural foundation material was selected by engineering judgment, and 
it lies between the two shear test envelopes. For the end of construction 
condition, two shear test envelopes are available on project soils to be 
used in the relocated Baltimore and Ohio Railroad embankment and levee, 
The shear strength envelope selected for design was based on engineering 
judgment. It lies between the two shear test envelopes and is conserva- 
tive. It seemed advisable to be conservative because a considerable por- 
tion of the mainline embankment material will be obtained from an offsite 
borrow. If shear test results on borrow material prove to be lower than the 
adopted shear strength parameters, considerable redesign would be involved 
in the project. For the sudden drawdown condition, the adopted shear stren- 
gth parameters are based on the results of the consolidated-drained (CD) 
and consolidated-undrained (CU) shear tests. Normally for the stability 
analysis of a sudden drawdown condition, a combined CD-CU shear stren- 
gth envelope is adopted for design. This would be the procedure for a 
sudden drawdown stability analysis for the upstream slope of a dam. For 
the Big Creek Flood Control Project, however, a true sudden drawdown con- 
dition, as with a dam, cannot occur, It was therefore felt that the refine- 
ment of a combined envelope for design was not warranted, and a straight 
line envelope was selected. The shear strength parameters adopted 
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for design are based on engineering judgment and are believed to be 
conservative. As with the construction case, because material 

for the railroad embankment will be obtained from an offsite borrow, it 
was felt desirable to be conservative in selecting the adopted shear 
parameters for the railroad embankment material. For the cut slope 
through the trash pile, the adopted shear strength parameters for the 
trash material are based on the angle of repose of the trash pile. The 
angle of repose of the trash pile is shown in Appendix A on Plate Al4. 
A discussion on the adopted shear strength parameters for the trash 
material is presented in Appendix A. For project soils, except at the 
trash pile, adopted unit weights are based on laboratory tests. As no 
laboratory tests were run On trash pile material for the purpose of deter- 
ming a unit weight, the adopted unit weight was based on the assumed 


unit weights of the several types of material in the trash pile. Additional 
discussion on the adopted unit weights is presented in Appendix A, 


D49. Surcharge Loadings., Surcharge loadings, equivalent to live load- 
ings, were used in the stability analyses and are as follows: 


(1) Along the centerline of relocated Baltimore and Ohio Railroad 
mainline, the surcharge loading used was equivalent to 10,000 lbs./ft. 
distributed over a width of 10 feet. 


(2) Along the top of levee, the surcharge loading used was 
2 feet of earthfill (equivalent truck loading). 


DSO. Computer and Manual Solutions. The slope stability analyses 
were run using a computer program. The computer program used is based 
on the Circular Arc Method as presented in EM 1110-2-1902, dated 

27 December 1960. The cross-sections selected for the stability analyses 
and the results of the computer solution are presented in Subappendix D4 
on Plates D4-1 through D4-7, inclusive. A manual check was run for both 
the End of Construction Condition and Sudden Drawdown Condition. The 
purpose of the manual computations was to verify the results of the com- 
puter solution. Arc No. 2 from Plate D4-4, Left Bank Floodway Channel 
at Station 89+50F, was selected for the manual check. The manual check 
computations for the Sudden Drawdown Condition are presented in Sub- 
appendix D4 on Plate D4-8, and the manual check computations for the 
End of Construction Condition are presented on Plate D4-9. The manual 
check computations were based on Modified Swedish Method as outlined 
in EM 1110-2-1902, dated 1 April 1970. Consideration was given to the 
affects of the relocated Baltimore and Ohio Railroad mainline embankment 
and loadings on the stability of the Norfolk and Western Railroad embank- 
ment. The relocated mainline embankment will be adjacent to and essen- 
tially parallel to the existing Norfolk and Western Railroad embankment. 
At the upstream end of the relocation, the grade of the relocated Baltimore 
and Ohio Railroad mainline will be about 20 feet below that of the Norfolk 
and Western Railroad. As the relocated mainline proceeds downstream, 
this differential decreases uniformly and the grades of the two tracks are 
about level at the mainline bridge. Where there is no differential or only 
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a small differential between the grades of the two tracks, it is apparent that 
the relocated mainline embankment and loadings will have no adverse 

affects on the stability of the Norfolk and Western Railroad embankment. 
Where there is a larger differential between the grades of the two tracks, 

the mainline embankment is essentially acting as a stabilizing fill at the 

toe of the Norfolk and Western Railroad embankment. Rather than having 

an adverse affect, the relocated mainline embankment would be improving 

the overall stability of the Norfolk and Western Railroad embankment. It 

is significant to note that the embankment slope of the Norfolk and Western 
Railroad embankment is as steep as 1Von1.5H. Whereas the embankment 
Slope of the relocated mainline is 1V on 2.5H. Dynamic train loadings 

could be comparable to the vertical component of an earthquake loading 

but of a smaller magnitude. Normally, it can be assumed that if an em- 
bankment has adequate factors of safety for static loadings, it would be 
stable for small earthquake loadings. Therefore, the Baltimore and Ohio 
Railroad dynamic train loadings are not expected to affect the stability of 

the Norfolk and Western Railroad embankment. The Norfolk and Western Rail- 
road has expertenced slope stability problems with the cut slope on the north 
side of the Norfolk and Western Railroad track . As the Norfolk and Western 
cut slope is farther away from the relocated Baltimore and Ohio Railroad track 
than the Norfolk and Western Railroad embankment, the relocated Baltimore 
and Ohio Railroad track has less effect on the Norfolk and Western cut slope 
than it does on the Norfolk and Western Railroad embankment. Therefore, 
the relocated Baltimore and Ohio Railroad embankment and train loadings will 
have no adverse effect on the Norfolk and Western cut slope. As outlined in 
Paragraph D49, surcharge loadings, equivalent to live loadings, were used 
in the stability analysis of the mainline embankment. 


DS51. Summary of Results. Results of the computer solutions and manual 
check computations for the slope stability analyses are as follows: 


COMPUTER SOLUTION SUMMARY 


Factor of Safety 


Sudden End of 
Plate No. Drawdown Construction 
Subappendix D4 Location Condition Condition 

D4-1 Right Bank, Diversion 

Channel, Sta. 64+00D 1.28 1.17 
D4-2 Left Bank, Diversion 

Channel, Sta. 64+00D 1.76 3.69 
D4-3 Left Bank, Modified 

Channel, Sta. 80+00M 1.64 a 
D4-4 Left Bank, Floodway 

Channel, Sta. 89+50F 1.50 Zeoe 
D4-5 Left Bank, Floodway 

Channel, Sta. 102+00F 1.78 2.80 
D4-6 Left Bank, Floodway 

Channel, Sta. 108+25F 2.21 a oe | 
D4-7 Levee, Floodway Chan- 

nel, Sta. 111+00F 2.08 6.30 
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MANUAL CHECK SUMMARY 


Factor of Safety 
Manual Computer 


Check _Solution 


(1) Sudden Drawdown Condition, Arc. No. 2, 

Left Bank, Floodway Channel, Sta. 89+50F 

(Subappendix D4, Plate D4-8) 1.58 1.50* 
(2) End of Construction Condition, Arc. No. 2, 

Left Bank, Floodway Channel, Sta. 89+S50F 

(Subappendix D4, Plate D4-9) 3.44 3.49* 


* Subappendix D4, Plate D4-4, 


D52. Discussion on Stability Analyses. The number of arcs shown on 
the Plates in Subappendix D4 are representative of the arcs analyzed. In 
all cases the arc with the lowest factor of safety is presented. 


D53. Except for the results of the stability analysis on the cut through 
the trash pile (Subappendix D4, Plate D4-1), the factors of safety obtained 
for both the End of Construction and Sudden Drawdown Conditions are con- 
siderably higher than the minimum required factor of safety. The high fac- 
tors of safety obtained for the End of Construction Condition can generally 
be attributed to the relatively high adopted design values used for cohesion 
for the various soils involved. 


D54. The high factors of safety obtained for the Sudden Drawdown Con~ 
dition cannot be attributed to either the adopted design value for angle of 
internal friction or cohesion for the various soils involved. The high fac- 
tors of safety obtained are believed to be attributed to a combination of 
factors; such as, assumed phreatic line, adopted shear parameters, and 
side slope. 


DS5. The channel side slopes used for the various sections analyzed 
were selected during the initial studies made in connection with the prep- 
aration of Appendix B. The side slopes selected were believed to be 
slightly flatter than would theoretically be required to satisfy slope stabil- 
ity criteria. A conservative approach was taken because if it were found 
that the slopes were too steep, flattening the slopes to satisfy stability 
criteria would result in major changes to the alignments of the floodway, 
modified, and diversion channels. This, in turn, would result in a delay 
in completion of the project design. Therefore, as expected, the side 
slopes are conservative, except for the diversion channel cut at the trash 
pile. 


D56. For the diversion channel cut in the trash pile, the factor of safety 
for the End of Construction Condition was 1.17 compared with the minimum 
required value of 1.3. It is apparent that the low factor of safety is attri- 
buted to the shear strength parameters adopted for the trash pile material. 
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The adopted shear parameters for the trash material was 30° for angle of 
internal friction and zero for cohesion. A detailed discussion on how 
these parameters were selected is presented in Appendix A. It is believed 
that these parameters are on the conservative side for several reasons. 
The angle of inclination of the existing slope of the trash pile varies be- 
tween 33° and 38°. The actual angle of internal friction is believed to be 
considerably more than the assumed 30°. Also, the trash material is 
believed to have some cohesion. A small amount of cohesion for the trash 
material would make the factor of safety higher. Because of these von- 
siderations, the factor of safety of 1.17 obtained is accepted. It is not 
believed that flattening the slope of the cut to obtain the 1.3 factor of 
safety is warranted. 


D57. The difference in the results between the computer solution and 
manual check is relatively smal) and is considered acceptable. Since the 
manual check gave slightly greater factors of safety than the computer 
solution, the computer solution is slightly conservative. The difference 
can be attributed to the difference in method of analysis and also to the 
normal inaccuracies expected in the graphical procedure used for the 
manual check. 


D57a. Engineering Data Required for Levee, Earthfill in Zoo Floodplain, 


and Railroad Embankments. Earthen material required for the levee and 


earthfill in Zoo floodplain will be obtained from required common exca- 
vation. Earthen material required for the railroad embankments will be 
obtained from both required common excavation and from the designated 
offsite borrow area. A detailed description of these materials along with 
laboratory test data is presented in Appendix A. 


DS7b. Material for the levee and earthfill in Zoo floodplain will consist 
primarily of the impervious project soils consisting of sandy, silty 

clay, classified as CL. The material shall contain a minimum of 

20 percent passing the No. 200 sieve, and it shall have a minimum plas- 
ticity index of 3. The moisture content after compaction shall be within 
the limits of 2 percentage points above optimum and 2 percentage points 
below optimum. Material shall be compacted to 95 percent of Standard 
Proctor Density. The levee and earthfill in Zoo floodplain shall not have 
stones, rocks, and rock fragments larger than 2/3 the placement Lift 
thickness. 


D57c. Material for the railroad embankments shall consist of earth mate- 
rials obtained from required excavation and designated borrow area which 
are suitable for use in the railroad embankments. The moisture content 
after compaction shall be within the limits of 2 percentage points above 
optimum and 2 percentage points below optimum. Material shall be 
compacted to 95 percent of Standard Proctor Density. The embankment 
shall not have stones, rocks, and rock fragments larger than 2/3 the 


placement lift thickness. 
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SECTION E 
RAILROAD RELOCATIONS 


D58., General. Several alignments of the relocated Baltimore and Ohio 
Railroad mainline and spurline were presented in Appendix B, Alternative 
Studies, and one alignment of the mainline and spurline was selected for 
final design. Since completion of the Alternative Studies, detailed field 
surveys of selected portions of the existing railroad facilities at the proj- 
ect site were performed. Accurate horizontal and vertical survey data of 
the existing railroad facilities was needed for finalizing the design of 
mainline and spurline alignments. 


DS9. The selected mainline and spurline alignments have been refined 
and coordinated to accommodate all constraints of the floodway channel, 
modified channel, diversion channel, Baltimore and Ohio Railroad main- 
line and spurline, and the Norfolk and Western Railroad. 


D60. Design Criteria and Procedures. The horizontal and vertical 
geometry was located and coordinated in the final position using the stan- 
dard design criteria furnished by the Chessie System. The horizontal 
criteria is based on Engineering Bulletin No. R-13, dated April 18, 1977. 
The vertical criteria is based on the Pamphlet package from the Chessie 
System, dated June 19, 1978. The track roadbed typical sections were 
taken from the “Roadbed and Ballast Sections for New Construction", 
dated January 23, 1964. The roadbed drainage for pipe locations and 
sizes is based on the U.S. Department of Transportation "Hydraulic 
Engineering Circular No. 12" and “Hydraulic Design Series No. 3”. The 
slope stability analyses of the relocated railroad embankment sections 
are presented in Section D and Subappendix D4. A listing of design 
criteria and design calculations for the final location of the relocated 
mainline and the spurline alignments are presented in Subappendix D5. 
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or SnERTS 


r 
eussecr CAVITE - TLANSITION AT pita iets eee 
{ 


S208 Fok Access ro _UNOESASS AT BhOoKS0E 
PHLK DEIVE 


7 Ae slab ery oe seed ZL, Ah e chohe/ ee On 
will also be ysecl ae the s/ab Jeading to the udder Mass. 
Thy dee believed walrandes Zecwae: of Phe potential 
oe ph tt and because cf 15 pat yy gohan Nagy blvd. 


SLAB Fok Zo00 Access foAp 


A re duchon wn shh packness 1g believed fs 
be wareaatoed Le tf « Zoo Access Peat. The 
road il pot be er freguently and because 
VPS on a le 7 grede fhe potte 5 a ie ipl H 
s mt grette tee “seb deany System shout l fac fen 
Proper ly. Clewaacé Od ical “a £EeIN rcemtnt a) 
not as great as Je She chute J froasshon aad 
4"Chr will be ArT e| Le +o ste ef, 


4A 15" stb us selected, 

Uh fF : A= 1ls x (S0/ 625 - 20° 
The slab can resist au up FF of 
70° 2. OK. 


sfee/ Ponkocentat: .0025 X 25 x /44 = As 
ft5 = O,4S 1H / Foot 
O,2@2§ 1M" Foot ‘7 0g ¢ Bi. thom 


Use 4 4 @/0 Ze EF Lttom 


(As 0,14 10.™/fost) 
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SUBJECT C, Vv é° TRAN S/H 0p) 5 SHO AT FILE NO. 
camry anus onsen “fea ca ar PQ Emo 
. mee von BUG Het Foun Coihot PCQYELT 
ARRISBURG, PA. oo 
COMPUTED aT Fe Oey SS Sel ay Mer Obi ome BL2/ 29 


#4 @/0 €.w., Top 5 Bottom | 


AW " 
. 3 Cle, ; 
NS L 7 , Cea j 8 Jy4. 


— sxnegre 


Access KOAD SLAB 
Kubber ban (rS top 
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For 


BIG CLEEK FLOOD CONTKoL ALOJECT 


S7TLUCTURAL DESIGN 


CONCLETE ZHLANSITION BIT ENO 
OF TJTHLEE-GILKEL Condu IT 
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GANNETT FLEMING CORDDRY oe Dee a ete 
AND CARPENTER. INC. an = Le __ __.. SHERTS 


Speitiebatigtd roe BIQ__C Fito00 ConThon PkOJECT 
) COMPUTEO ev FF vara 2-26 - -26 - 79 _cneckeo sy__i / Al ogava_3-4- ly 


LOADING CONDITIIN Fok L-WALS 
Sudden Drawdown Cond.tion 
/, Water wn fransition at chanel yode. 
7. Backfill 6 inches below yop of wall. 
3. BackLill submerged to an elevation midway befueen : 


the desiyn water sur Face and channel rade 
( Corresponds to She asSum pfion of a 507%, 
ettlectwe dranaye system ) ° 


4. Back hil above the level ae submergence 
naturatly draned, 


5) Laterel ear fh pressure from back hill based on Qn 
at- rest pressure coef fiaeat (kp = 0.60). 


b. ph 44 un form across Y+he base (pressure 
equal to redued Ay drosta tic head nm back fill ). | 


UPLIFT CONDITION FoR Y100LE SLAB 
Slab desired to resst GQ un cere ph th based 


er She head page the sudden Or aw dawn condition. 
( UphF#f same 4S 6, aboye ). 
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GANNETT FLEMING CORDDRY OF THK - BALE CONDVIT ecru @ 


ANDO CARPENTER. INC. 


SUBJECT COoNCLE TE THAN S 1 TI0x AT END wus wo._/G2é 


Or SHEETS 


Seeiatengs ron 816 LEEK Faved CoNMOL PKOJELT 
COMPUTEO ee a) BONY Sod. ts ee ev FFM pare 3: 4-77 


STABILITY CLITERIA Fok L-WALLS 


rie kesultant shall be within fhe mddle half 
of phe base. 


2. Shee-frictun fachr of sate ty hall aot be 
less phan 4. 


3. Maximum founda how pre ssurt shall not exceed 
/0 Kips per ag uae’ Loot 


SHEPR- FLICTION FACTO OF SAFETY 


Reference? £7L 110 -t-184, 25 February 1974, 
“4 Gravity Dom Desiya - Stabs ny sf 


Ss" = S4 
=H 


Ss-f = Sheer- frit tion sate ty factor 

= Unit shearing strength at zero normal 
/oad alons Laifure plane ( Use Z00 pst) 
Suma tion of horitontel forces. 


Area ef resistance. 


sy 
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a 


CONC KELE  TKANSITIGN AT Enpmewe.__Lb Le 
GANNETT FLEMING Corpory “”*" ’ 


tS THB EE BAKKLL CONDLLT ____ enuer uO...%._ ov _____ eunete 
AND CARPENTER. INC. Vary oe EL G2 OWL EL bane hn Sed, 
HMARRIQBURG, PA. re ‘ as 


computes ev FEM ava 4 / 7 crncnan ey OAT 


V3 
en K 
CSFE6g YLS > 
“XN 
S| 
S 
~ ‘ 
OL & 
ee | GE 
SL+O8 WLS i, 
Ss} ow 
1) “J 
g, 
a Pai 
00t06 BLS g 
vy} 
=f 
NX 
Ny 
| 57406 WLS 
moh) \ 
8 7 
~ gy 
; N \ 
ne 
; as io 
ical Se Se” OS #06 YLS 
cae ie 
Y os 
£ ks 
EK 
+H 
Ol-40 
ests 


eunecr_ — ONCLETE ZLANS/TION AT ENV __yunwo. 
GANNETT FLEMING CORDDORY 


OF JHKEE GAKEEL CONWIT sihieen Pees biaaeee | 
AND CARPENTER. INC. ie Bib CLEEK Fz ad Cow TROL 200 6 T™ 
HARRISBURG. PA. 


COMPUTED ev WS care 27-77 -7 cnecnzo ey FFM oavs__ 3 4-4 


9 ONIT WEIGHTS 


het ee a ee 


Compacted Back Li! mors? § satyrated ——* 75. Yer3 
ft Compacted Beck fill ; submerged 61.5 
: Concrete , Plan ¢ enforced —————— /§ O 


\u/ater $$. 62.5 


ALLOWABLE STHESSES 
Mel ovine EM flla-/-Z/08 
fe = Lo5O psr 
fs ZO, 000 ps! 
a= Gt 
LEINFOKLING STEEL cL enhawes 


Lelerene $$ GF (M0-2-2t02 
; Middle Slab | J -\fall 
<< oe 


3 ors 


ETE TRANSITION AT ENDrusne. 266 ¢.00 

- GANNETT FLEMING CorpoRY “. CONCR S = 

AND CARPENTER. INC. THREE BARREL CONDUIT __sueer wo. or ensars 
HaRRiseuRad. Pa. 


TYPICAL SECTION 


S9¢ 50M © 


60/,4 6OMF 
616.5 C1665 


STATION 90426M 9OtOOM 89 4815M B9T7SHM 
56445 603.0 601.8 


GRADE 
TOP OF WALL 6lo5 616.5 616-5 
WATER 613.4 613.4 613.4 613.4 613.4 
BACKFILL 616.0 616.0 GIG.O 607.0 6020 
~— ee 
S men 616. 
ae 


NOTE : 
De sin based ow 
Secter @ Sta. 89+5044 


ELGCol.4 


Nb 
La Lo > 10f ~S™ 


/ f 
2.0 |2:9| VARUS 12.0 Ti 
Base 16.0% 22.0 


SELTION AT S74. 894501 


will we wrth tHhese liaits 5 However 


SIDI EME OI. 
wil b¢ shewn on the centrach drawngs. 


¥ =trial 
its exach valves 
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GANNETT FLEMING CORDDRY evesecr CO} hari @ 
ee ee ee NO._a—_ OF 


AND CARPENTER. INC. as sneEre 
HARRISBURG. PA. ieee Wee OT Tages oe 
STABILITY -/“@F7. BASE 
? 
Lxcx. 5X5 
2X16 XS 
B.Ox.S X25 
baa We EX. SKEXUUS 
M, 14.0x2 K ./25 
H, £x.125X.6 XFG" 
H. 125 X.6 XS6X8 
Hy £x.0625X 9* 
| Hg $X.0625K.4KP 
7 UiGXS0Ox.0¢625 . 
48) IIS 124.85 149.67 
ere 2 4, 84 
peed ee Bete SD 4 
Résullant willn middle ha lf we OL, 
; 2 - SA _ .200X 1bx144 ‘ 
: a OL. 
f <V 4,8] 
2 
= 32,45) we OK. 
¥ See Aye DI-G32 21-48 


* 
“a 4. Fy . - “» 
enw Set eee 


GANNETT FLEMING CorDoRY “= CONCKEFE TKANS1T0) AT ErP puree. 


OF THe -Brihbelk Corll sneer no.__or 
Meneame tan ven Rly skeER Flow Cowon WOEET 
cCOoOmMPUTSaD SE al iat MONS Aad oY) dle es SATE 


Discussion aad Kefereme of Formsla: fy=2Zv 


5 Ce 
ke fer en CS - 
(1) F canidlation Pinal sis aad Design b 
JSaseph £. Bowles , /1¢ Grew -bAH , 1972, Haye 257 
(2) Founda trou En mecring by feck, Han sor aad 
Thorn beret , ohn wiley , 1753 Ka e 32/, 
(3) De sige of Comrete Structure s y G. lyater 
and” AH. Nilsen, 7c Gras -Hll, 1972, (lige $97. 


The Ae PB t; Or ee = ZV 1S on ly 


| 5 
ap plicable wh eu the re sul faat falls jusside 


Are puddle fad, ne. stress distribution 15 
7riang lar, 


ZV = Total ver tical tae t 
CE = Distance af resu/fan} te foe = “/3 
( 


ra oCE= v LY 

x VY Y, L (r= 

z2<vVzcfLl' =fx el Sa) come 
Zz 


Cx 


NOTE: The Jornula used on | 
[ry DOI-N aad DI-44 ts) sed 
JA Frapetodel stress distecbohian y! 
1, when resu/ tan} wi hin middle thicd. ec 1 


D/-4 3a 


Pe GONE Re nee 


svesecr CONCRETE. TRANSITION AT END rusn_ 422.00 


GANNETT FLEMING CORDORY 


OF THREE BARREL CONDUIT — encerno._Z or enests 
AND CARPENTER. INC. : 
HARRISBURG. PA. ii | 
comPpuTEeD ev. WES pare ees CHECKED ev FEM  oare 3-44-17. 


STABILITY - 22 FT BASE 


) 22xPX, 0625 
3.61 Heh iSI.85 231.96 
=M= SO.,II 
b 25.50 e = 2M. 25%. 1agr eig.so 
ae T™ SY 3,61 °°” 
34gL= 16,59 
Mm Resultant within middle half , we OK. 
SA ~ 290 x22x 44 _ . Ot, 
Ss-f * EH iis = 76-937 4 > . 
<V 6(*% ~€r)] - AGl || - I| - 13.88) =,°29 KSF 
: f, = EV lis 22. 22 
P L L 03 KSF 
fp < loksF, 2 O.K. 
ests D/- 44 


yo. awe 


‘ vuencr CONCRETE TRANSITION AT END musne._2622.69 
OF THREE BARREL CONDUIT 


GANNETT FLEMING CORDORY 
AND CARPENTER, INC. 
5 HARRISBURG. Pa. 


SHEET NO... OP 


FoR 


COMPUTED ev WS snare 
WALL DESIGN — 
i= 
CIO: Ss 
6074 
6O4.4 


Mp <5 (.6)./25(8.6)”. 38 = 906 Ky 
Ng FSX 91x. /S0 = 2.05% 
Ma = & (65) 8.6(3+. 38x8-6) +.65x 3%, .0625R3%, 640625 3 x,38 
82 at > + -4 
Me = 20. 9| ny 
Ng = (12.1K5+ .25%3), IS (25 %3 25X3 , .25X%6)/2523,09 
2 


Miz 2 COX BO Gr san 80). “, 4 D625 XE SKG° p bke2S eo 38 
~ 2xo_ 
M. = 41.39'Y 


No = (151K 6S *H) IE 4 (SHE ¢ od ad A2S= 435" 
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—y ee 


aera mia as, 0 


. eae 


SVBJECT Fie 
GANNETT FLEMING CORDDRY 4 CONCRETE TRANSITION AT END wi lell OO 
AND CARPENTER, INC. os - iiacig aml eziaeahd 
ela COMPUTES av WS _ are 31/29 CHECKED BY __.. Efi pate 4-14 _ 7 
WALL DESIGN * _ 
| ’ fot A M= 9.06 W=2.05 
: 
i. ¢ asje 
9 F: vd (2 4.5 ~ 
| \2000~ “eee = 02! 
M = 9.06 
KF=(S2 X,Z2/ = 31,96 , 
ae No A. 
© u'2%39 | SS 2 S853 Ex 4.88 
2.05 ~ 
vy = 2853. - 403 je.89 C= he 
" a= |. 48 
= & _ OC. 
As = ee Tee 
= PoINT 
M KFT. 
NK 
Ct WW. 
d iN 
| KE 
| e 
NE 
, l 
A 
5 H Design based on Use © i Ac] Sf-3, Cn toned 


Concrete Desijn Jfard book - Work ing SHress Desyn. 
Far Fem m inatesy Fee Lag ¢ DI-Z24aq. 


' GANNETT FLEMING CORDDRY ee ree, 22.00 


ANO CARPENTER. INC. sweat no. 4 or 
HARRISBURG. Pa. 


FOR 


COMPUTED BY _ / $ pate 
FOOTING DESIGN - /6 -7 BASE 


a Si 
—. Mon AT As = 7.45k205 
c= 7 (.5804+2%,82 ) = /3,32 44 w* 
. an 2.) = 29.36 33 
M. 2 (.460+2Xx.82 ) 
enna 
y= 2S (3994 2x82) = 37.50 1.24 
6 
G 
— 
mM = & ( .339 42x82) = 4754 [.57 
4 


M, =(365+ 2 ¥.20) +/5 x.cs9x148 )4B = - 3.22 —, 


ve fe Foe , [2 a Ge 9 54x 


v2 FSF ~ 28 pss < 60 FPS! 
(2% 205 


Ok @ Face ay Ok @ he 


KK The effec of vorpal feree Ss 18 nl€ GIECIEM 17) crinpenng A ra 
LH - 4 


ests 


Sie ero 


a eT ee ee ee 


en = ii ee: 


| 
[ 


ee 
SS ee = ae = 


GANNETT FLEMING CoRDORY "~,— / 
OF THREE BARREL CONDUIT — oncerno_L! or 


ANDO CARPENTER. INx.. 


roms NS 


CONCRETE TRANSITION AT ENDris no 2422.00 _ 


FOR 


_BIG CREEK Froap 
COMPUTES ev WS pare_2f 21/79 cuacksn ey___/ E M CATE 3 -f - Lf 


FOOTING DESIGN - . &4 . Z 
22 FT. BASE M=|[Z (2a+b)4~—, 


*« /f 
K-FT/py, AS = TOBY DOF 
IN * 
2X,336+.23 ) = 12.18 40 


cael. 2 
M,= LAE (2 x.389 +.23 ) > 30,62 /, 00 


— 2 
~ 16 (ax.49 4.23 ) = F557 1,50 
6 


x x 


> LB (ay 4424.23) 2 60/6 1,98 
~ (2x 


K-FT 


“260 7 2 (436+ 2x49 jz -2.7/ FT, 


eer eee.. x18 = 6,048 * 


V~ 6048 = 24,6 psi < GO ps: 
2X 205 
0K @ Face .",0.% @ 4, 


» The effech of normal ferces is rieglech ed in Computing As 


LW1- 48 


GANNETT FLEMING CORDDRY 
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HARRISGBURG. PA. 


SUBJECT CONCRETE TRANSITION AT END si wo. 1G 22-OO 
OF THREE BARREL CONDINT _ 


or SHagsts 


td . i . 
‘ - * fi 
COMPUTED BY DATE | oara_3- 4-79 


| HEIGHT oF WALL VS AREA OF STEEL 


14 | 
- 
Sic S 
a = 
Js . 
10 : 
ud q NJ 
Vv) : ‘ 
os : ®& 
” . \9 
: o @ . 
3 : 8 
wm tt 
<, 
G 
das 
3) \ 
Z ~ 
. : N 
4 e | o 
LD MT) =| 
7 xe 
&, N 
ae NY) ©& 
2 5) \9 
bas & | 
N 2 
@ S 
¥ 


O nS 1,0 hs” 
AREA REINFORCING STEEL (IN.*/L.F) 
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ate wee oO am Ae a AA 


- TT Te ae? Ga ee ee 


eueu 0, 4 1422.90 _ 
GANNETT FLEMING CORDORY wer COMCKETE rmuee 3 
AND CARPENTER. INC. ee, 
HarRRniseuaad. PA. on 
COMPUTED a | ae CNECEKED ev. FFM oars_3- 4-17 


2,07 7¢ 6,43 =2.00 NILE 
| 


se%™ 7@G UYse™ 9 @12 
: >>» 


= 
H 
ea 


MOTE : Desigv based on 


ee 


footw with 22 FA base. 


. ai (CALS Asz 100 NY LE 


Oo 


10 FT. BASE 


AREA REINFORCING STEEL CIN /L.F) 
~s 
WY 


2. FT, BASE 


5 10’ 1s! 20° 


DISTANCE FROM FACE OF WALL(FT.) 


PLEA OF FOOTING LEINFOKUNG, STEEL 


VS 
DISTANCE FKOAA FACE OF WALL 


L)1- FO 


a a a -  Ml aa 


—— 


sumer CONCLE TEANS(NOM AT END row. 77 


GANNETT FLEMING CORDORY 


OF ke GE — Gr KLEL CON be 7 SHERT NO, / or sngtre 
AND CARPENTER, INC. 
HaRRIOBURG. Pa. ron B/G CLEEK Foon COnyhon fhQuetT 
COMPUTED ev FF are 2226-7) crncaso avy / f hd DATE 3 = 4 = a} 


Zemperat ure & Shrukage ken forcemeat for L- Walls 


keference: LE /la-2-2/03 2/ May /97/, 
“ Defakls ae Lejn force meat- Hy dravlic 
S4rucfures i 


For phe stem, Farayragh /0 b i) ws applica bh. 

Cleveland /§ Cons; dered to be in & region with 

Severe chmatic tem ptrafuce Con ditions and 

25 yA will be added Ho the O.Z0 Vf Pe gross are4, 

0.207, «h25 = 0.257, 

As => O.00Z2S x LOSS CLross~ sectional area, 
Aal# sa each face , with A maximum 


of #6@I/Tl. 


For Stem Chotness Cé) = L5° 
Ase O,0005 «x p54 (44 = 0.54% INYSFT: 
f432 O.27 WT, yn C€ach face. 
‘. Horr é. ¢) 
Use #s @ /Z CAs- ©. 3/ iN / FT). Veef$. 


for stem Aackness(€) = 2.0° 
As = 0.0025 * 20% /44¢= O.94 IN "/FT. 
As = 0, 36 INAS FT. In. each Face 

Jse F#S5@/10 CAs= 0.37 W*/FT) (Ari.) 
~~ S HE IL (Asx 0.94) (Ver tical ) 


For fae stlabhot tel- wall , Har ayr sgh /Ob @) 

$s applica ble . As abe, add 2sJo. 

As= 0.2074 725 = 0.45% of gross area 
44s= 0.0025 x gress Cross- sectional arca , 
half in each direction yn fue opposite fate (top ), 
witht A MARimum of #6 @ /Z ‘ No peikS orc tm ea is 
re vired ~ fhe res traned Lace ( bottom)» howe, 
#4 @ 249 spacer has will be provided (See Note 
Daye Ol-St). W-S0 


-- St aiede Ste oe wm ae 


- LP HE 


SPV Amay aye ins it~ * 


‘— LANS 
GANNETT FLEMING Corppry “’""" onc ETE 7. TON AF _ END 


ee Se Te Oe ee. FILE NO. ya 
enc AMBRE 4 _ OF THEE BRILEL CONDUIT eer 7 sada 
Sicalienialalaraa FOR BiG Ce £008 Con L VAs T 
HarRRisauana. PA. 


COMPUTED ey FF parece" 7 CHECKED BY FFM __oata_2 4 - a. | 
Slab of the L- wall - Contd, | 


As = 0,005 x Zox (hb = 9,790 WL FT 
As = O. 36 In -/ Fr yn Cath direghon 


_ Use #6 @ 1 CAs> 0,44 mW) FT) 


4 air steel will De al for steel hopmal to 
wall bet shell wot “St loss faaw WE@IL, 


5° 
#+ #5@10 (4: 0.37) wold = | 
satsly reguwemend, 3 
vy ; 
however, HE @iris  X # s@i2 
selected GS a . 
Con servatwe design n ; 
SICR MO rentorcemtat | 
[wn bottom(che Shan | | 
sfPacer bars ). | mn s | 
= 9 
s eoait belt | 
H i] 


NOTE: 


Spacer bars are needed E seem a 
for $ he mean rea dorcenest N 


at bottom ot stab. see 


Gad 7 selected BAO 24 a 
based on ne Spacer Bars 
Judgement. SrRe aa 

5P4ang 45 not Conudered L-Wall 


fo be excessive. VAts 


srv@e and Spacing Aas Zempecat V/e q Shankaye Len torce meat 


been used on 
simltar Ay gravl structures. 


Ol - SR 


evencr CONCLETE ThWSTION AT CWO OF yaw (b22.00 
— EE GACQLEL CONbVIT 


SS rere a ae ee ge cc ON NS. or OMEETS 


ANO CARPENTER. INC. 
HARRISBURG. PA. FOR LEEK Fioc) conThot /LOJELT 
computgo Sr 5 aaa ev FFA ve lA -79 


GANNETT FLEMING CORDDRY 


ests 


+440) Bars @I7 
gy 
_ £4 O16. SF 
tT 
“No # 6 G12 
. #5 @12 
4 
oe 
: 4" }r. 
> > 
={Const, Jt ——— #4 Oy 
tomes fE-i' GF (@|] 2. -—— #6 @12 
: -14#9@0/2 
|. adel 6E1Z Sy L/. Varves 
| ~° 49@12. GOLF 40 60445 


TYPICAL WALL. SECTIV 


Seale: 4" = 1-0 


« *. Pd wa}: 


ny ee ee ree o- 
7 - 


= 4 


eussacr CONCLETE 7THANSITION pT EWP eyo. 76ZZ 


- ; OF THLEE  GEAALGB. CoNOUIT —_anasrno “7 oF 
—~— HaARRisBURG. Pa. Saar mee aaa A pr eae we ils 
COMPUTED Oe dl eee epee See “hee | Pee ev FFA cave oi-/f | 


Lh dd ke Sad Design | | | 


GANNETT FLEMING CORDORY 
SxHEBTO j 


9 *—— 


Z.0' 


{> _" 


yl, Ff sudden sf ttt tf 


ries Doses equal do 8o'head 


Wf. Convete = Zon Lox so. P 450 7/243 
— 300 48/ rT * : 
ph tf = G.0xX 6US = 500%/ £7 


Uyhtt - Wf, Concrete = S00-300 = Zog a ae a 


Anchor Bes needed t resst 200 Yer* ph tt 
Yse AI Aooked Anchor for grovted in 3" Dia. drilled 
hole . Anchor bers wolf extend /o ‘ in fo rock, Check 
achor par sfreny th es Yhe foNawiay ty pes of LaueS: 


j fee farhag ia Fea Siren ( Use Z; = 20,000 p11) 
Z. Bar §' grovt pelias ov ; Yhra} ‘S bord 
failure be tw een grout aad rock (se A= 90 pri) 
3, Ber polls ov? ; thre t M$ boad fLahere between 
grovt and gar C Use Mo ho pst) 
| a. Mook € puthiay out. 
® : Aachor Bac Streag tr he 1 = Sf A, = ZO000 «K 56 
= 3f, Zoo * ~— 
Archer Bar Streayth far 2 f x C ¥ MK 
= = (/o v/L) s OW x 90 = 120 +30 «90 
= (0/, 790 * eon 
21 - FF 


age 


* 
"y a « 
= OF , here ie le 


GANNETT FLEMING CORDORY 


= HaRaionuas. Pa. FOR Cc '0Je 


COMPUTED ae patel CO-79 — cuscxen as) ae oe 


Ly dd Je W< Design - Cont'd. 


Sar Strength ies 3. = Lx Px KM 
= forit « $4790 x [40 
= 2 4, 420 a 


Bar Strong fr ae a 
From ACl- 318-77 : Para. 12.5 


th = C7¢. = 360 | 3000 = /9, 18 sea 
Sfreny th = 44,08 « 456 = 30, to ~*~ —— 


Hoke 4 anchor bar will be hosted ovem™ 
slab realorun steel SO s treng for actually 


tore, 


for desigun pwrfrses , Us € Ander Bar S treagth 


= 30,000 
=e 
Anchor Bor S pacing : Area = 30000 /tooeszy* 
= /50 FIT 
. One anchor hac peede d per /5§0 fp * 


of slab, 


Jas Aa mnimvr' ; place Bniher bars @ 
abort so'cce or one per loo #* 


omnes oS... 0 es eee 


L- SS 


ne ee ee ee ee 
gate . ete 


eA ee en eae = 


aaa exh pall OF THREE: ~ BA LEL COWOVIT 
AND CARPENTER, INC. von BIG BiG CLE Flood conta PRO SECT 


HARRIeBURG,. Pa. 


sunsecr COMCLEZE TRANSITION ay END siden VEO 


. SHKET NO. OF SHEETS 


COMPUTED ee al a DATE £~ 26 - 7f CHECKED By ie f A] bite -G- 19 


Diddle Stib Desisn — Cont'd. 


Tempera tuce g Shrink age Cntcemeat 


Para, 1661) of Erd Wf0-t- 2102 7s 
applica be fee toe slab. Same es 
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v1 uf Dr oe snest no._! op enenre 


AND CARPENTER, INC. 3 = + ara 
FOR : J£- as a 


HaRranisaurRra. Pa. 


- : COMPUTED a rT (a 79 sae Ww . earn 2 2A | 
W aight et Bridg & # 


¢ 


52.,126' 3 $ 


El-695,0— Railing 115 x 3.9 , 
Slab UTE A ; 


( l al 
lh? 
’ CY pos y ~ 2'x2.9CrOS5 beams 
bo’ | 2'x2 Columns 


Avch Wg" | 


'L Spon , EL 6540 | 

: Fede tal — 

| _L El 650.5 

| | | 

~ | 4,0 
d Flume 2 
El 597-4 
gets 0/- 80 


GANNETT FLEMING CORDDRY 
AND CARPENTER. INC. 
mas Marniesuns. Pa. 


- =o oe -- 


cena d 6. pr‘ 
“a Slab 


Kraling = lop 


AL Sidewalk. 
i eae 1 eee 


j 
75 Cyoss beam OT i 
2.0 bratmes==4-= Ls! El. 659-0 : 


Pe dosteal 
EL 650.5 es, eee 
ee, \ 
ley 32,5. jfeessile Found||B 

El. 622.5 lines 
El. 618.6 ¢ | 1|-8 
El.613.0 © eee 3 a 
ee ee ea ag 3 O} | EL 609-0 

Rock - > ; \. E | 0S.0 


GANNET) FLEMING CORDORY 


0 4 eg ‘ 
AND CARPENTER. INC. 


é 


Z 


susvectT Dievietema Cite ries we [O22 .00 
2 


_ 


HARRISBURG. PA. aeneeere oA p WA oe ; i 3 79 ' Ss — 7-2-79 | 
Weg ht Lt ot _becdga ~ Dead Load 
Slab 2.0x76-0 x ($2115 +3475) xO-1S0 = 198) 
Cross beam 7.9 x2 X D5x(16-4x2-0) x CrlS0 = 36% 
Boa 4Yx ut? 2,0 x (52.125 ¢34-15) x 0150 = 417? 
Columns 6 weed 2-0 2-0 x AIS = ZY 
Br lGe Z-0%2-Y x0,1I5SD0 = 72 
Kalng 2X box d0% (52-125 ¢3 4.75) xO-150 = 117 
Aro, 4x 4Bo0x 40x G29 = > OF ISU = 720 
4» 60-0' <« 4Y.0x6-2F x 0-190 700 
Bracuy Zy 100x200 11.0 » O- ISD = sie 
Pedestal 5% Vox FED x» Orts0 : 646 
Pievs Aye Area tops Ax5% = 522 
Azz Arta bottun= 23x65 = 1199 
Ah3 > Area midsedum = [6 x 61.5 = 184 
wt.2'%x2¢ ( 522 4x 994 4 LH95 xe 07150 = 4167, : 
Found. B L(g sox 29.) + gex 30.5) Ax YoxOelS = UTI 
C. 660x 305° 55 > OIF < (66/ _ | 
0, 12-0x305 x 1O rOIT so. 220 1@ : 
qi ptal Dead Loact 127609 Kys 
© Est) mated OAs wage dimensin a % 3 
7 
“ : 


G Exelude Found O.4&.: Peadboad + 12389 Kips «USE 


D/-&2 


iti eta es eae ee 
Bie | 07h ae °c 


GANNETT FLEMING CORDORY “1 a 
AND CARPENTER. INC. wh 2S 7 : onset wo.}__oF onnars 
Harrissuae. PA. FOR 
COMPUTED ev LVAC ware 


we Load * 


Lane hoading ( 0-640 x 96.477 4+26)x 4x05 = 245 


Gide walk to.0x %6-475 ¥ 2x 0-06V = 10Y¥ 


2 
Base Aven El. 613.0 = 305 66.02 2013 ff 
BasePres Et, 602.) =(30-5 +2 10-7)» bho = 345244" 


WT Row @ EL CO] = 109 © 2452x0165 > 6208 Keps 
wt Rock Cl 595.29 = 695 x3452-0t6F= 3701 Kips 
( 


Totgl lLoacts 


A 


i a A 


Total Load = lo Deack + Live @ Rock) 
Press uve = [o ta! lL oad 

Ariens 
E]. 613.D Total Coeds 13973. eps 


Pressuve = 6,949 K/£4™ 


E |. 60 7-,) Total Load © 2019! Ki, 
Pressure = 5.846 KSfL+* 


E}. 595.25 Tetel lead = ZYUOGEZ K ips 
Pressuye = 6.987 k/47* 


x AASATO , Sdmded Specif rations rie iy huteg 
Bridges, 1977. Ar 2. The Wa 25th Sd. Beidye ts 
assvmed to have aA roadwsq wid th ae i 48' and fwe 
sidewalls of /0'cah. DI-83 


—-— _ at, a. th. 


— eee ee ere ee 


tate es aod ( 3 eo 
GANNETT FLEMING CoRDDRY “")' paul 
fice fyelediuiny oa 
AND CARPENTER, INC. sania ee 
: HARRISBURG, PA. ee 
“1 
COMPUTED ov Pud (oars 2/%+6/77 cnncnes BY a OATS 


Vosign Cross Section and Quam mn Gay | 


Flume Wall 9 


4° Shot crete ——--—s]] 
( Not shown) tho"xto” concrete lagging to 
| 
W 1b x 5U “TT 
Weld -Al 
W lox 67— | 
Flume Slab--— L3x3x 3/8 , 
AT) =1,600.0 : | 
1'-0" 3-4 yi 3} ) 
(/ 
A | 
ON 
, | Weld - : 
Bearing flate xi'-l0'x2-4" 


yy - +e" Onchor bars 


Cpating = 4'-Q° 
Ramfovced Comcrete with 
® 4Y@12 E,W. Placed attr 
Support System is w place 


D!- 8 4- 
om Seales /a'e 10" 


ee ge eee 
- A a o* 


Ye meee TOTS Tee ee a ga a PR 


EOIN erro OV Pe: Sh TT p22 
GANNETT FLEMING CoRDDRY “~~ PILE We. 
AND CARPENTER. INC. = = nant no._© oF 
Harnissuna, PA. ron_1)t< aes 


. r} é r x 
& 
compurap ov vd (oars 2. Pa ]__ cnsexap ov WS re 22-27 


Da Sig) Loads gud Hssumptuns 


fizsume Uunitormn lh ovr am tel oc c{ CG wal to C4 Va §5C 
0 pressurcat El Go2t aud 595.25 times # 
eguee| to 0.6 Cat rest), 


w= 0,6 (5.9464 6.947] (ev = 385 k/ft™ 


Coethiciyent a4 Frick -_ Ms 0,45. 
This coe ttictont ot drictin acts on the 


vertical wall ot rock a4 ainst the support. 


Allowable Rock Beaying Prass = (0,0 Kk (ft 

Fy 36-0 Kei (36 Steel) 

fie = 3000 ks! | | 
lear H igh Favly Cuonceele {ov the foundation 
se that fle = sove at 7 ditty s 


Dl- 8S 


st (Aes BE Se ee se 
eva th : 


t N 7 4 V Og 

GANNETT FLEMING CORDDRY Bee et Cra Oe | ee no. 

; AND CARPENTER, INC. suger wo.__]_or cea 

| HaRRissuaGa, PA. ron 4 

= ; COMPUTED ev Pud (r_oave CHECKED |) nO cr ad A 
La qqing a 


uw = 4, BS 
Hssuiae Supp at spacmg = Ho tt 


Vy = Yx3.65 = 1.7 K ps 
2 


we 


b Se ivichas 


AT rnix Cen => 60 pst 


cl = joou V = l\V0Ux7,./7 = (0-61 In 
D rar 12@~6o 


t = A +1,5 = Say (2 1 ches ee Carte 


M = wh - 3-85 > Y.0- - 7 k- +t 
® 6 
Febd* . 12> 10.5 = O10 
. {2 v0v (2000 
~ KE 2 (52-4 % 0-110 = 16-8 77.7 OK. 
As aL S ae O, 493 
acl LU Bb x 10.5 


Use 25 pays @ach Face 


oe 
#2Ties@s'- 


Aa A 
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, evesscr Diversion Chana ¢ f FILE HO. 


| GANNETT FLEMING CORDDRY A 
ser aF@, 7107 SEgT NO._._ oF enaare 
! AND CARPENTER, INC. ck 7 : rs 
HARRISBURG. Pa. ren ae ef 2 elo e EAyEC 7 
COMPUTED ov _prd G _oare_Z-(F-1F cnscnao 6 TO ie 3-7 


Dt 3EI SS1007 on Z a9 119 


TRE aging A) qn essen Hal elemea? af phe 
support sys tem, The Lagging trans tS She 
(loading #0 the vertical “strutvral member(wibyso), 
ThE concrete lagging con sists oft mdwiduel 
e lemreats Oo rein orced conrefe block [2'es2'y Zito. 
The blocks are fad Aorizon tally , One on tof 
of tne o her to Jorr a boul}. The eads rs 
the blocks are wedged between fhe Flany es 
of the ver tical wide flange mer per af fhe 
steel Support system. Sh otcrefe /nvag will be 
placed on" fhe pock sur face pefre the 
/a9gin9 15 place 7 
Details on thre Sf ort System are 
Showa on Sheets Dl~ 84 aad D/- 98 
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ANO CARPENTER. INC. 


GANNETT FLEMING CORDORY a 
Psy FreTectyoe er en 3: 


Mareiseurc. PA. 


oT Ve sian a rCCedure 
war Manual of Teel Constyu ct my GeV enth 
tditur, ASC. 

Diminsicns are Licpevtics New W, HP ane 
WT Shapes, Sept. (978, ALSc, 

eee Fart 5) Spe otreations and Codes _ 

Fy = 36.0 si tor AZG Steel. 

Section 1.5.1.2 Fy= 0-40 Fy = 145 Kei 

Suct. 1.5, 1.3, | Fo from Table 1-36 

Kk = | Try Fa: 20.0 Ksi., KIA <29 
Coch \o6e1 4 Fo =9-66 Fy = 22.0 Ks, (mm-compact |} 


Sect. ].6.1 Sa + fb_ < ie 
0.60 Fy Fb 


Ret. Stract uve Ste cl Designer> Hand book , Meryit t, 
IV72 Artical 5-32, 


a ee 
Fy > 0.25 4c = 0.7950 Ks 


Tech. 17) Use ETVO0xx wel A 
Fy = 21,0 Ksy- 


ed ee 
' 
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GANNETT FLEMING CORDORY + 
AND CARPENTER. INC. 
HARRISBURG. Pa. 


a 
FOR 


COMPUTED BY DATE 
Nevtieal Member 


— > egy Lae ee > WilQ 


Pete 
Support Lo b 


enna ne. 1.0F ___euente 


Sonne |) OS Lal Soe 


7 Faction -0O-4S w 


Cc 


mi , > G'S 


Kin = wi (P-2¢ e ME SW 


2b 
K ys S wh Cf -aa): Vs ~ wl 
2b 


D/-88 


; Vr Kir -V, 
Vu = Rag - Ve 


i a es 


a 


— eee crows 


ee ea ee, 


eysiem C 1622.20 
GANNETY FLEMING CORDORY Oi Pelee PILE MO. 
ANO CARPENTER. INC. SHEET NO or SuBETE 
— HARRISBURG. Pa. ore 


COMPUTED ev Py dC care L267) cuscxso ev_WF___ oars ) 
Vertical Mew ber | 


® Set a = 3.5, b = AO, CS Iee. ye = ONS | ofa Ciny =4.0ft. 


Kio =~ 3.65x7.40 x¥4-0 = 120.2 K ips . 
Cae slaps oT 1} on] R2 170-7 Kips 


Vy, = 3-49 *¥3.50 *4.0 = 63,9 kk ps | 
Vi 23-45 & 4.30 >4-0 = 663 Kips | 


Kus 23.49 ¥ 3704-0 2 56.9 K ips 


Va - 3.85 x» 2.70 x 4-9 cs “iu§ Kk | ps 
V5 2 3695 ¥ 1-0 we HD FISH Kips : 


Mp = 3695 x -G12 » 4d £ 14,3 Kip _ f+ 
M2 = a.G5 x 2G! >» 4.0 = | 4u3.5 Kip ft 
Ms 2 3.95 x-0:50 x 4g = 7.7 Ky -tt 


Horiamtal “hear = 3-865 x» 0.45 » 2554.02 24,3 k vps 


Comp above support =~ 22 K 1 ps 
Ten 31m baluw Suppl = ocr | IK ips 


Sic or: Ms 943 k- TT 
Vi = 66.3 KK ips 
N = 95-9 Kips Tans. 
5S = M 2. 94.3x = 51,44 in? 
Fb 22.0 
® Aw = V_ : 66.3 = u 57 me 
Fy Lg - 
R= N = 4 = 4.80 in® 
aa Fa 20.0 
DI-8B9 
ais 3 : oe 


GANNETT FLEMING CORDDORY wane Vives seuss Chauus| ran Zh 22d 


ANO CARPENTER, INC. iz oar : : ener wo.i{ op nests 
Saino Cana (hpi ee = ann VW/S oe 3- g- 
yn = ON +h = M x12 Aw 257 in 

a 6 
ta. + tb xX re, 
0-60 Fy Fb 
(Shea } fu. | 41 
W Oh a pa A tw Aw Sax | GF, | Fb 5 um 
W I1Bx ue (B27 |.653 |*782Z 
W 16 xs5U 1635 | 987 
W 16x48 ‘70% | 1.04] 
W Iux53 1661 | 0946 


TRY W.'6 x 50 
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GANNETT FLEMING Corpory ~~ oe wIlh22-2e_ 


Z 
AND CARPENTER, INC. __enexy wo._L Zor 


FOR © { & ai 
Nene’ HARRISBURG. ; ' one 7 : 7 =e 
Diagone Cm gr 
9 No =170.7 keps: (Sh .10) 


Pick Cv WM ont ber orth Twila the ROCs ary 
LY 0a .T0 Com pen sate for END Moments 


A = (122.7 )x 4 > 17.07 


20 OK. 
r ( radius ot q y raticn | 1S leat ed such thet 
KU/r < 29 and Fs = 20.0 KSI 
J=t¢ k= lo | 
rc t.0x Boxywl7 - 3,2 Not practical 
217 
WS gue ee a ee 

kG Fa fa. 

W Shige A Y v ube 1-36] * fo Fa 

Wibxsu | 14-7 | L597 | 60.4 | 17-33 | (ILbl | 0-67 

W 14x 53 fey6 1.942 | 50.0 | 16.35 (0.974 | 0.60 

wi6xs0 | 14-7 | 1.59 | 302 | 19.9% | ttl lo.s8 [O 

W tee 67] 19.7 | 2.46 | 397.0 119-27 | 3-66 [0.4S 
1.5 120.60 | $66 |o4z I@D 

C) Assume bracing ar mid Pont. (= 4.0! 

TRY W (6x 61 — 

Nee’ | “ a as 
B racy, @ vi i NV = 3,41 Kips = £€.0 dt 
Use LF 3x3 3/f. 
an # See NOTE, Sheet H-Ua. DI-F4/ a 


> 1 tn te, , 
oy tract ea is a arty 
Pe abate Pa A . 


ooo + 


iv 07 S10A Cheael rin ei, 


GANNETT FLEMING Corpory ~~" 


Ss 
er 1 On 
AND CARPENTER. INC. Ox Creek ; onEST WO.___ OF ___.eusers 
HARRISBURG. PA. pon__</ 2e § 
COMPUTED BY pate ~/3- cuscuan Yas 


NoT&E KEGARLVING KAMNS OF GYLATION 


/4e destyn reterene «5 Mawal o v4 steo/ 
Construction ; AISC, Seven #, Ed. tien , Pack §, 
Tabk /-30, fra trial desi hn, Fa iS 
Jimted fo 20,0 ksi aad Phere fore 
kAfr € 27. bn she fins! anal S'S, 
Ke /r = 3%0 and Fa = 1927 £s/, 


DIi- Wa 


« +) Dy TTA AEE EEE es TIT oT as 
ar ; j +? 
* Z » - f Sr ¢ 


AND CARPENTER. INC. 


f~ 
et rel ; 2002 
f 


HARRISBURG. PA. 


Horgontal _ __ Mem r bey. 


N= 56.9 Kips ( sh.to.) Ww 23.95 x4p 


Hssume Vertical Men ba To be 
Fixe el ended. , with %2e momut 
going into this Hortyuntal Mew ber 


M et BBS eo x70 = 62.44 k-Ft 
[Zz 
= yoo = BuY4 1 -tt 


Calculate Moments, Shears, Loacs, 70’ tu the | aft 
of d_ Vert, Mom, at pee, a ae of Drag onal Mam ber 


moa a ee 
. “ 


ee 


SM = 223.6 k-tt 
x = -2.6056 ft 
g = -1.2625 tT 


YI- 72 


oe oe ee ye: 


PRR Oh dk ere. 


en « ~ a E R— eee PENS: ice 


AND CARPENTER. INC. 
Harnieeurcs. Pa. 


e 
4 
+ § 
a a ee way 


gvisontal Memb 
N= \77-] 
M~ 222-6 
Voo= 749-7 
fo = N 
A 
fy =2M 
2 2 ee Ksy 
wa 4 Lb < |.D0 Fy - 36-D Ks\ 
ee ees z ssciet uA Si SESE SR 
|W Shape] A | d ; Sum 
w 16¥ 6125.3 |14-34 1.057 
WIBx 77] 29-5 119.59 [0,535] 4%, : VBL 
Wl!6rBT| 26.2 |16.7F |o,525| 8. |.l0D 
W 1b X100) 24.4 116.97 \o ser 176 
Wt 7 44] 298 | ite | C-495 [.059 
TRY W 1b x100 
‘wee’ 


YI- 73 


GANNETT FLEMING CORDDRY 


Kk = ri at Zon | 
ys 9 


“177.4 Kips 
e = bo" 


tf 


tt Ssuwe eccentricity 6 
M= 6, 19402 97 K-Ft 


{2 
Fp = o.254) = 0.25% 3.00 2 0-760 


A = 144.0 = 5172.3 wn 
( 0.750 /z) 
Try 28" >» 20" 


Fb ( base plate) = 27-b Ks} 


el = 16.97 
d (slope) = (6.97x 1.0966 = 18.6] 
bf = (0.425 


k ls ¥esoluecl inte Cun poututs Normal to +h e 
slyp 2 of Lon ! the: R= 194.0 Kips 


Viz 7.9 Ky 
0-9 4 ‘ 


swesecr WV Ey 24) _ maw lh ZZ-00 


AND CARPENTER. INC. a ect ae next no. 2 op 

ie] . PA. POR « ‘a’ ‘g A A r 

cll A naan a Pud Con a rot 2- 
Bearing Plate | 

N =177.7 Kips 

Vo= 707 Kyys 

= .2 kK a.t n 45 cnIRaaE Je kl eRe AReRE RR 
KR = 174.2 Kips lo rer 
ye 


W 16 ¥(oV 


GANNETT FLEMING Corpory “™*" V; Vb voor — | : rus net O 22-0 


AND CARPENTER, INC. 
Haarnriesuaa, Pa. 


ps > 0-735 Paueey 2 6.697 Ki 
24] , 
M owl cut about Line A 
M = Aw Cw 42 2 
6 
M = 22 (5.16) (0.577 +2>0.735) * 199.8 kan 


——_ 


2 
6 

f = [+8 - ({6x1i%s . ¥ 2.0192 
A Fb 22x 27.0 

te 1.42 say 1A mm, 


Dl- 95 


7 no. 4 or 


GANNETT FLEMING CORDORY 
AND CARPENTER. INC. 
_ HARRISBURG. PA. 


Prange Plate 
9 Moment a bout Page y 


lepel 


é i Co tie | OF 
COMPUTED BY (- Be a's Sky ev A Soars 


M= dy tcArx I , . 
Me aa ¢.735/2 x 6.43°72 © 205.7 Kein 


Leyew eaibe Does? 2 1G374 2 1.98 ip 
is) Eb 24 x 27.0 


Use | 2 Ln hes 


rei 8 ee ee 


ae 


Foundation 


KS et KOs te slope of 1 ow O-US 
ae 4.0 ft 

R=> 48.56 Kips (4+ Fre c (0,0 k st 

Graphically draw, AS Rema tw line rom 

mira point et Vertical M evi bay on rock 

Side (A ) | through Deariiag plat (B) such 

that @ = 6.0 In thes, to Foun Repree Ca) 


kX 


Kottom ot a ee ta C M 2a Suv tel awa 


ly pe ot Z on | shal | be at leash; 
a>Z2k = TeAbeSs. = 2,24" 


. ® 2 Ff 32> 10-0 
: Tore depth at trench ({) shal{ be loos 


hun Sti2 U7" 


DI-76 
oe X See Sheet 5 18 
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GANNETT FLEMING CORDORY 
AND CARPENTER. INC. ; - E | 
Ete Dr 4 
HARRISBURG. Pa. For ~ { 


bound af 


‘ K=4B8.55 Kk, 13 
¢ bering 


inde” 
7 - 10-0 k /£t* Max. eer a pressave, : 
g : 
> Riksee) Zio «€ f= 5 (£-Ge) 20.0 : 
~ ead ds ere ee | ee | 


Substituting (4/,- a) - Ned ives +h e fallowing © 
f = i Cag ba) S10 o> ba-22)>0 


x For Note yet Formulas, 
See Sheet oF 
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GANNETT FLEMING CORDDRY ~*~" version Channe Pig MO. 
Aer bro ecyion SHEET NO. or 
AND CARPENTER. INC. | : ” 
rong Creek Flood Caondro) fryect 


HARRISBURG, Pa. ( 
COMPUTED BY Lyd one Zi!3-72  cnscnso OY cicero DATE 


NOTE KEGARYING FokHULAS ON SHAT UI-9 


The turst fwe e ualions . = 2 (1+ Ge)f"*10 
and A = (2 = be)/4 = are basic KA Nien 
pressure equa 1OonS. 

f, aad f. Are the fy uadel ton Ore ssures at 

each end eb the fyuadotion ; 

M4 iS the aprlied load, normal 4p re Foundation ; 

J i$ the length of the oundation ‘ and 

@€ i$ the ecc entercity of the apple laod. 

A+t€= Po or @z Ly -a 

The second fwo e€ vations a@reé fhe Sam E 


except (Yz-4) has been sub strfuted for Ce 


The Soundation he] hs Case /S5 assumed 
Ho consist of only fhe sloping portion of 
the french. 
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HARRISBURG. Pa. 


~~ 
aw Ww Ay 


I-o"x 1-0" 
Comcyete 
Lagqqing 


: 3" Shotcr ete 


~#ECI2 I- \aJ T yf 
PLAN VIEW. Sufeuyt svstem 


. | —Y yy! Y Anchor Bars 


. Reece EN hal 
FEAL are FEARING 
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q 
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GANNETT FLEMING CorRDDRY ©" ‘ 
ANO CARPENTER. INC. “3 C 

POR ai 1meRe ‘ms q) 11 OC \ 

- Haraiseuaa. Pa. A 2/,199 3 ! 
COMPUTED BY Ai "oars 3{) CHECKED ev WS are -2- 


_W ele Vora v} : | 
od = Seer: ms j { 
: ; 


ce Ye = Moment dros sheet \% 


=Yyp 1436 = ind ky -4F «bE: 10.235 
ag tw =0.395 
Use Nope! bead st [7037 k ips ‘ NW thx 67 Pia 
Ae ZS re 
fy = Dt kay for ETOxx By Se 


=< Z, 
eden yer Phi Oe 


as bf = (0.428 


™ 
is . 5} & Be ry - 0.58 
wf Ss . k= 1-6875 
YS W 16 x100 
Plates Euc h seel 0 Gach 
| tuint WG soe" 5 Ve 
K.¥. ALSC, +. 4-88 
er, eee. Oe K \ps Pex Flange 
d (4.33 
NV S eee ~ 65,4 K ps pas Flangh 
< is ; 
| | | 
Total = 167.7 Kops r 
a Oh tay - (67.7 xe Jes = WIGS Kips i 
Reactim - izok y ~RY 120 Kips 
7 pi -49 


) } 
é . Voi. & } , O 
GANNETT FLEMING CorDoryY "Ss" rie w. LO 22.00 a 


AND CARPENTER. !NC. 
MARRISGURG. Pa. 


a | Lk S(gv) 
‘Away 170 Kap 


UY cke Ceomyli te Pam Le LaE w eld 
Single Bevel Groove _ 


1. 0-669 Fy = ZI-D b = 10-235 


tar = 120 - $71.63 <2tlo  0.k : 
0-665» 10.235 


ti 
et 


Hor = ie -t (te +5 Rk) 


Stites,  Prign. 


me eg erg ee 
. a), ie o 
a d oe Sara : a 


K = 120 


He ~ 0-665 10, 235 Ay = 100.733 | 
tf = 0.585 | 
ts = 0.665 ¢ 
K > 1.6875 | 


Ast = @-665 19.235 -0.565 ¢ 0665 45% 1.6875) 


her > 1.48! tn” It mam 715-8 


[23 
Mia Ve, Ne S128 _ tw x bye. - O,5SB5> 14.5 - 0.28 b 
208 Fy axVo,5 * 21 p 
Se 5/ ig’ wold. 


| angth ot welded : Hst Fy = ox tle y 36 = BLEU 
0,928 Dxl.b6 0.93905 y 1,65 
W ld Avound, Length =o (utes) = 21" Ovk 
D\|- toO 


ieee hae oe 1bZ2.00 


GANNETT FLEMING CorDDRY ~~. — 2 - . rite No. 
AND CARPENTER. INC. . IAG U« nar wo._2 dn or encere 
HaRrniesuana. Pa. ron i e208 } fr BR aks 


—_ . compureD ev_fivd (| pars 3 a eneceb we O'S en 3-5-7 
Weld Verio, | 


Vertica| a nid Diageval Connections 
kets AlSC i page 4-BB 


Tite 5 


A, Add Flange Covy Plate 
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1.2.22 — LOADING COMBINATIONS 


The following Groups represent various combinations of loads and 
forces to which a structure may be subjected. Each part of such struc- 
ture, or the foundation on which it rests, shall be proportioned for al) 
combinations of such of these forces as are applicable to the particular 
site or type, and at the percentage of the basic unit stress indicated for 
the various groups except that no increase in allowable unit stresses 


shall be permitted for members or connections carrying wind loads only. 
See Articles 1. 2. 1 to 1. 2. 21 for loads and forces. 


The maximum section required shall be used. 


Percentage 
of Unit 
Stress 
Group ! —=D+L4+I+E+B4+SF 100% 
<2. Group II —~D+E+B+SF+W 125% 
Group III =Group I+ LF+F+430% W4+WL+CF 125% 
Group IV. =Group 14R+S4+T 125% 
Group V =Group II+R+S+T. 140¢ 
Group VI =Group HI+R+S+4T 140% 
Group VH =D+E+B+SF+EQ 13314 
Group VIII = Group 1+1CE 140% 
Group IX =GroupII+ICE 150% 
D = Dead Load 
F L = Live Load 
: I == Live Load Impact 
me E = Earth Pressure 
B - Buoyancy 
Ww = Wind Load on Structure’ 
WL = Wind Load on Live Load—100 pounds per linear foot 
: * LF ~ Longitudinal Force from Live Load 
; CF = Centrifugal Force 
: F = Longitudinal force due to friction or shear resistance 
i (elastomeric bearings). 
R = Rib Shortening 
a : S = Shrinkage 
. T = Temperature 
EQ = Earthquake 
SF = Stream Flow Pressure 
ICE =T]ee Pressure 
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PROGRAM Call Name 


DESCRIPTION 


OUTPUT 


FEATURES 


SAMPLE RUN 


Dist. to Addit. Point === 


ITF PROGRAM FILE 


DFL GFC&C FILE 216K 


Calculates deflections due to uniform and/or 
concentrated loads on a simple beam with end moments. 


Span Length (ft), Uniform Load(left,right vatue) 

Dist. Left Reaction to start of Uniform Load. 

Dist. Left Reaction to end of Uniform Load. 

Left end moment (Ft-Kips) and right end 

moment (Ft-Kips) (minus for tension on top) 

Moment of Inertia values (in) and corresponding end 
distances (ft) from left support. 

Concentrated load values (kips) and corresponding 
distances (ft) from left support. 

Distances to special points (not at 10th points of span). 


Deflections (inches) at 10th points of span. 
Deflections at additional requested points 
Rotations (plus = clockwise; minus = counterclockwise 
Maximum Number of moments of Inertia = 20 

Maximum Number of Concentrated Loads = 25 

Input No. of concentrated Loads as 0 for 

no concentrated loads. 


See Next Sheet... 
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ITF PROGRAM FILE 


PROGRAM Call Name RW GFC6C FILE 216AN 
DESCRIPTION This program is for analyzing Retaining Walls or Abutments 


on Pile Foundations. Computes (1!) Moments and Forces 
caused by Substructure, Earth Pressure and Live Load 
Surcharge, (2) Footing Design and (3) Stem Design. 


INPUT For detailed information of input see Figures 1, 2, 3 and 
Sample Runs. 


Retaining Wall and/or Abutment Input 


1. Weight of Concrete and Backfill (kips/cu.ft.) and Equivalent Fluid 
Pressure (kips/sq.ft./ft.depth) 


2. Pavement Thickness (Ft.) 

3. Width and Thickness of Footing and Toe Length (Ft.) 

4. Distance of Ist row of piles from the toe (Ft.) 

S. Maximum Design Pile Load (kips) 

6. Concrete allowable Flexure and Shear Stresses for Footing (ksi) 


7. Allowable Steel Stress (ksi) and Ratio of Modulus of Elasticity 
for Footing. 


8. Concrete cover to C; of bottom steel and top steel. 
9. Height of wall (Ft.) 
10. Concrete allowable Flexure and Shear Stresses for Stem (ksi). 


11. Allowable Steel Stress (ksi) and Ratio of Modulus of Elasticity 
for Stem. 


12. Concrete cover to CL Reinforcing Steel of Stem (in.) 


13. ttems ''a' and ''b' for Retaining Walls only. 
Items ''c'' thru ''g'' for Abutments only. 


Retaining Walls only: 
a. Parapet Height and Width (Ft.) 
b. Stem Top Width (Ft.) and Rear Face Batter (N/12) 


c. Soll Slope (ni/1), Slope Distance 
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14. 


15. 


16. 
i7. 


18. 


Abutments Onlv: 

d. Height and Width of Beam Seat (Ft.) 

e. Height and Width of Backwall (Ft.) 

f, Height and Width of Backwall Batter (Ft.) 


g- Abutment Batter (N/12) 


h. Distance from the Front Face of Wall to Cr of Bearing (Ft.) 


Live Load Surcharge (Ft.) 
Abutment Only 
a. Dead Load and Live Load Reactions (kips/Ft.) 


b. Additional Vertical and Horizontal Forces (kips/Ft.) 
applied at Bearing Support. 


c. Group Factor 
Number of Rows of Piles (Max. 4) 
Distance (Ft. from lst row) and Batter (N/12) of each Pile 


Pile Spacing of each Row (Ft.) 


OUTPUT Moments and Forces caused by Substructure 


Earth Pressure and Live Load Surcharge 
Total Pile Area (Piles/Ft) 

Vertical Pile Load 

Total Pile Load 

Horizontal Load Due to Batter 

Horizontal Load taken by pile in Bending 


For Footing Design (Heel and Toe) 
Required Depth 
Actual Depth 
Required Steel 


Shear Stress 


2/11 


(102076) 


D2-87 


= 


ee aNee N atu. 2 ET Ee a ERE A: i, 


ee 


—- 


GannerT Frewine CoORaRORY AND CARPENTER. INC. 


For Stem Design 


Wall Height 

| Compression Steel 
actual Depth 
Required Steel (Tension) 


Shear Stress 


FEATURES 


1. Pile configuration input may be repeated as many times as desired 
‘ until the best design is obtained. 


: 2. Size of footing may be changed following each pile analysis. 


3. Batter may be input for the Front Face or the Rear Face - 
program will not handle both F.F. and R.F. Batter at the 
same time. 
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FIGURE 1. 


GEOMETRY OF RETAINING WALL 


RETAINING WALL 


‘ Slope Distance 
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height of wall 
width of footing 
depth of footing 
toe length 
distance to lst row 
of piles from the tip 
of toe 
height of backwail 
width of backwall 
top width of stem 
batter of 
retaining wall 
pavement thickness 
batter of nth 
row of piles 
distance between nth 


row of piles and first 


row of piles 
surcharge slope 
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GEOMETRY OF ABUTMENT 


HT = height of wall 
FW e width of footing 
FT = depth of footing 
DPT = distance to Ist row of 
piles from the tip 
of toe 
= pavement thickness 
» height of beam seat ) 
« width of beam seat 
width of backwall 
BKH = height of backwall 
BBH = height of backwall batter 
BBW = width of backwall batter 
ns batter of abutment 
BEL = dist. from the F.F. &: 
of abutment to C.L. | 
of bearing 
TL = toe length 
B, = batter of nth row of piles 
@, = distance between first 
row Of piles and nth 
row Of piles 


Stem Stl. 


Cy of 
bearing 


ee are 
= 
a 


All the loadings are applied 


at Pt. A 
E 

: 
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FIGURE 2. ABUTMENT 
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PILE ARRANGEMENT 


pile capacity 

No. of rows of piles 

0,0 

distance between nth row 
of piles and Ist 
row of piles 

pile spacing of nth 
row of piles 


F.F. of wal) 


Pe egress 
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FIGURE 3. FILE ARRANGEMENT 
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PROGRAM 


DESCRIPTION 


INPUT 


OUTPUT 


FEATURES 


Note; 


Call Name = UCD 


ITF PROGRAM FILE 
GFC&C FILE 216A 


This program computes Load and Moment points for the 
interaction curve. 9 has not been included (ie 6 = 1.0). 
Points ure based on increments to neutral axis location. 
The section must be rectangular and all reinf. bars are 
included. The first value is Po and the last is at P=0Q. 
Finally, the balanced design case is output. 


= Column width - In 

T = Column thickness - In 
= Concrete f'c - Ksi 

FY = Reinf. fy - Ksi 


N= No. of Reinf. Locations - (32 max.) 
X= N.A. Increment - In 
D. = Dist. to Reinf. - In. ; ; 
n 
Av = Ag at each Dist. - ar 4 pair of values per line 
All Input 


Io-- ft* & I= ft* 
EcI¢/S+Esl, - K-ft? 

0.1 f'cAg - K & As/Ay - 
Neutral Axis Location - In 


Axial Force - K At P,, each increment,P = 0 
Moment - K-ft and lastly at Balanced 
Eccentricity - Ft Design 


The program conforms to 1974 AASHTO Interim Specifications. 
For ACI code applications, use Program ULT. 


To piot 0.2 F'c Ag on this output where # = 1, divide 
O.1f'> Ag by BP = 0.7 
Ec = 57.00 /f'c & E, = 29000 ksi 
= TW9/12 
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SUBAPPENDIX D3 


COMPUTATIONS FOR RIPRAP 
AND 
GABION D N 


CONTENTS 


Item 


Methodology ....cccccrvcccevece 
Diversion Channel, ....ccccccce 
End of Two-Barrel Conduit ....... 
Downstream End of Chute-Transition . 
Drop Structures ...cccccrcccecce 
Railroad Spurline Bridge .....e.ee-. 
Approach to Diversion Channel Flume 
New B&O Ratilroad Bridge .....cece 


End of Three-Barrel Conduit and Confluence 


Area 
Riprap Design 


D3=2 


Page No, 


D3- 3to D3- 4 
D3- 5 to D3- 8 
D3=- 9 to D3-10 
D3-11 
D3-12 
D3-13 
D3-14 
D3=-15 


D3-16 to D3-19 
D3-20 to D3-22 
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NOTE: The alignment geometry for the railroad relocations was 
obtained by using a computer program, The computer 
printout sheets in this Subappendix are from this 
program. A description of the program, general 
information, general rules, and index of commands for 
the program are at the end of this Subappendix on 
Pages D5-46 through D5-52, inclusive. 
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AND CARPENTER. INC. 
HARRisBURG. Pa. 


me LLS. Army Corp of Enguears 

coururen av_KLH  cars_L/S/ 79 cnscxes ov_JA/ ATE onre_LiS/7B 
OTE ) 
AM berigental atid yertics/ curvature has 
Leen Established by Use of Coord neled s SVEY 
polnts. These coordinated Survey points have 
been Computed from US. Ariny Cor of Engin€€ers 
survey of thé preject area. Herszortal Curvature 
has bCEN Conmpy Ted by ARC detini ton. 


Design Criterig : 


Chess‘e System Eng/qeering Ballehia Number P19 
Dated -Ayri/ (8, 1977 


Goysrning Constraints : 


(i) Mointne Design Speed —— 30 MPH. 
(2) Plain five Grod ent ———__ +/.50% Mox. 
(3) Maglhne Curvalruwtl —— 4°00 00'Wax Spiraled) 


Spiral Lengths: 
Curve No, <> 


Curvature = 6°00 Existin | 
Superelevation = 912" (by #3) or métch existing elevation 


Length of Sorrel = 62 Lu. 
- G2 (a5) 
= 2/7’ 
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GANNETT FLEMING CoRrDORY my a a) Flood cits ; rs ruswe_leee 
« a (i of O 2 t-a¢ é 
AND CARPENTER. INC. 4 fe La SHEET NO.____ OF __ nests 
Harriesure. Pa. mon 
COuPUTES BY SaTEa cnecnas wy WW/WI are LLSf29____ 
Curve No. > 


Curvature = 9°00! 
Superelevatior = 242 G by 13) 


Length of Spiral = 62 Ea 
- 62(25) 
= S. . 


Curve No. > 


Curvature 2 1° 00 ‘ 
Superelevarion= V2" (by IY 


Length of Spiral 262 Ed. 
-626,5) 
> 3/" 


Curve No. Oy 


Curvatwe = 4°00" 
Supxrelevd tir; - 2 %2 (by 4/9) 
Length of Spiral 62 kg), 
62 (2,5) 
_1S$" 


Curve No, o> 


Curvature = 4°00" 

Syperelevation «2% "(by Wg) 

Length of Sprral= Same as Curve No.4 + (ES 
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Chessie system BULLETIN NUMBER R-12 


EFFECTIVE DATE Aprir mt, 1077 
REVISED OATE Apral 19. i877 


ENGINEERING DEPARTMENT PROCEDURE BULLETIN 


INSTRUCTIONS GOVERNING THE SUPERELEVATION OF THE OUTER 
PAIL AND Tht SFLoD CF TRalWKS OW CURVES 


Degree SPEED IN MIcES PER HOUR 


curve | 20] 25 | 30 | 35 | to | ts | 50 | 55 | 60 | 65 | 70 


fo Faye) ayy ary 1/2} de 
ayui ame’ yal ayatl ayot afl a 
W/ul 1/2, wet 3/u{  3/u fd 1e1/k 


l/s 1/2 , Ve | 3/4: 


1 1-1/0! 1-3/2 
1/2 | v2 | 3/b, | das) 1-3/4 2 
Ve We 7 J-1/% 1-2/2 | 2 ; 2-1/2 
1/24 3/hi: a 1/u, 1-1/2 2~1/2| 3 
1/2 3/4 = 7a 1-3/h 2-3/4) 3-1/% 
3/is | i-1/2! 2 3 3-3/h 
3/u . : {| 1-1/2 3-1/2) ber/h 
3/u | Lea/h 1-3/b) aa2/u | 3 | 3-3/b | L-3/4 
3/h) i-1/u , 1-3/bt 2-1/2] 3-1/4] b 5 

| L-1/2' 2 2-3/h 3-1/2 | bo1/2{ 5-1/2 

1 1 m2/2 | 2e2/b} 2-3/4 3-3/0 Lo3/b; $=3/k 

| 1-3/4) 203/41 3 L | 

d 1-2/4) 2-1/2) 2-174 7 V-17k | 5-1 

Lez /u | 2 | 2035/4) 3-3/4 | 4-3/4 6 

13 BYaEe > Ms eT 

T=) =), 3-1/4} b-1/2 
1-1/2 3-1/2) L-3/h 
1e3/u: 2 o/h | 3-3/4 | Se2/b 

ue] /i 


F #-0,00066DV" 
E = Superelevation 


in Inches 
D = Degree of Curve 
“3/4 | 5-3/4 | Vv = Speed in Miles 
ka2/k Per Hour 
bn 3/k | 
5al/h 


TABLE A 
EQUILIBRIUM ELEVATION 


05-5 


| 
! 


Chessie System BULLETIN NUMBER p-12 


EFFECTIVE DATE April oh pare 
REVISED DATE OD ee ee 


ENGINEERING DEPARTMENT PROCEDURE BULLETIN 
SNETRUCTIONS GOVERNING THE SUPERELEVATION OF THE OUTER 
RAL AND THE SPEED UF ‘TRAINS Ow CURVLS 


Derree Elevation In Inches 


430! 6 


23 
23 
22 
22 


TABLE C 
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DESCRIPTION OF PROGRAM 


General Concept 


The COGO programming system is designee specifically for civil engineering gecmetry 
problems. It may, however, be used in other application areas; in fact, there is 
almost no limit to the applicability of the system concept. 


COGO is based on a vocabulary used by the engineer to state his problem. The 
Statement of the problem in this familiar vocabulary and the input of these 

statements to the computer are all that is necessary to generate the soiuticn 
to the problem. No programming, in the usual sense of the word, is necessary. 


For example, an engineer interested in determining the area of the enclosed plat 
7-5-3-8 states the problem as shown in Figure 1. The information in Figure 1 
(wath the exception of the diagram) is entered into the computer and the area 

is typed out automatically. One begins by giving the known information tec the 
computer and then commanding it to perform specific functions on the known or 
previously calculated data. In this case the command AREA is used. It asks tne 
computer to find the AREA of the enclosed polygon. Appearing right after the 
command is the result, so that the engineer can follow the sequence of calculation 
and keep a high degree of familiarity with the protles. 


If the engineer wants the distance betweer points 5 and &, he enters the command 
DISTANCE S~8. The distance between points 5 and 8 is then typed out by the 
computer. , 


In practice, the engineer, using a sketch of his problem, writes the description 
or his problem and how to solve it as if he were solving it by hand. As a guide 
he follows the command descriptions shown later in this manual. Once he has 
written the commands on paper, he has a “computer program’ for his problem. He 
then puncnes these on cards for entry into the 360. No intermediate programming 
is necessary. 


Basis of System 


The COGO Programming system is based on the repetitive use, by many different 
programs, of common data storage. This comzon data storage area is known as 

the “coordinate table’. The engineer uses the COGO vocabulary to locate points 

on a traverse, Subdivision, or along some alignment, etc. The points may be 

used in later calculations by other COGO comnands and may be printed for immediate 
use. The engineer gives each point an identification number and refers to that 
point by number whenever it is needed. 


STORE 7 1000.000 1200.000 
3 850.000 1675.i52 
5 : 8 675.217 1801.8.:6 
5 1201.001 187S.8l2 


1000,000 N 
1200.000 E 


AREA 7 $§ 3 8 7 


AREA ® 1844603.3598 sq ft. =» 4.25 ACALS 


& 


DISTANCE 5S 6 


§ 850.000 N From PT S to PT §& DIST = 952.30i06 
675.217 N 1675.152 E 
1801.816 E 
FIGURZ 2 
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GENERAL INFORMATION 


Uperators. In 360 COUO, distances, angles, and azimuths can be specified by using 
an operator (a single character) and the required number of identifying points. 

For eaampie, if two points of a lane are hnow but the unknown distance is required 
as part of a command, the operator D may be used as follows to input the distance: 


D2) 22 
(where points 21 and 22 are the two known points of the line). Ia this case, if 
the operator were not used, the distance would have to be calculated either 


Manually or by a previous run. 


The following operators will be used to denote values to be calculated from 
knowr. points: 


Operator Peints Description 
D XXX YYY Denotes a Straicht-line distance 


from point XAX to point YYY. 


A AAN YYY Denotes the Azimuth from point AXA 
to point YYY. 


G KAN: DIY -Eoe Cenotes the angle at point \YY, clock- 
wise from XXX to ZzZ. 


At least one blanma must Se used before an operatcr but is optional after the 
Operator. A blank must appear between the point numbers. 


Bearings. Bearings are entered into command cards by either the quadrant method 

or tne N,S,E,W delimiter method. In the former, a bearing is entered as quadrant, 
degrees, minutes, and seconds. The quadrant is coded as foilows: NE+1, SE=2, 
SW23, Nwed, For exampie, 1 30 05 58.0 is the code for N 30° 5'58.0"E. 


In the delimiter method, the angie must be bracketed by the characters S or N (on 

the left) and E or W (on the right). At least one blank must precede each delimiter; 
blanks fciiowing a deiimiter are optional. Looking at the same example as above, 

N 30 0S 58.0 E is the code for N 30° 5'S8.0"' E. 


APE.eS and alimsths. angles and azimuths are entered as degrees, minutes, and 
or example 75 0 5.0 is the code for 75° 0' 5.0". (However, degree of 
curvature 18 given in decimal degrees.) 


Note that at least one blank column separates decrees from minutes, and minutes 
from seconds. Degrees and minutes should be entered as integer quantities; the 
seconcs must contain a cecinal point and can contain decimal digits as we::. 

Only the degrees portion carries a sign. To conform with practice, azimuths must 


a 


Ce erctres aS DOScts et Coants tice. Teasan cc RatCaw.ce £52" SRE ors. 


werss anc small negcstive angles. <eros must be inclucec in the data. Fer exarrple, 
an angle or zero aegrees, cero minutes, and zero seconds must be entered as 0 C 0.0. 
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With counterclockwise angles (negative angles) of less than one degree (for example, 
-0 12 27.0), use the 560° complement of the angle as the clockwise angle, since 
minus zero is not distinguishable from plus zero. In the example given, -0 

12 27.0 must be entered as 359 47 35.0. 


Coordinate System 


360 COGO uses a Y (North), X (East) coordinate system. Therefore coordinates 
must be entered in this order. The output is also given in this order. 


Legal Numbers 


For input to any COGO command, the user is permitted a maximum of 16 numerical 
characters plus a deciam] and a minus sign. (Leading and trailing zeros are 
counted as numeric characters.) 


Coco Output 


The output of a COGO job is printed out on the printer. The output format has 
answers interspersed with the listing of the input commands. The one exception 
to this is the LOTS/COMP command which has the listing of the input command 
Suppressed to improve the output format. 


‘When cards are punched as output to the Dump Command, the cards are punched 
in the Store Command format in order that these same cards may be used for a 
future run as store command input. 


Coordinates and Curves 


Up to 2000 points can be stored in 360 COGO. Number points from 1 to 2000. 
Up to 50 curves can be stored and referenced. Number curves from 1 to SO. 
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GENERAL RULCS 


There are some general rules which should be followed when writing COGO Input. 
Following the rules listed below can amount to a consiaerable Saving of both 


time and computer costs by eliminating unnecessary reruns due to careless]; 
written input. 


“Ou & a to = 


A 


. Write clearly on input forms. 

. Supply all necessary data for each command. 

. Use the CLEAR Command at the start of a new job. 

. Use the END/OF/JOB Command at the enc of each run. 


. Numerical input must not begin before column 12 when using Long Form Commanc. 
. Numerical Input must not begin before column 5 when using Short Form Commar... 


The first column of a Comment Card shall contain an Asterisk (*) - 
the comment itself shai] not start before cclurn S anc must ens cefcre 
column 73. 


. An Asterisk (*) after the last input Gata on each care allows a coment 


il. 


to be written in the remaining portion of the card. This coment must 

end before column 73. 

NOTE: Allow at least one blank space between the last piece of cata 
and the Asterisx. 


. Angles are input in degrees, minutes, and seconds. 
. Minus ‘angles must be Signed for degrees only. 


The LOTS/COMP Command cannot be used once Piotting has been initiates 
by the SCALE Command (#65) and until Plotting has been compieted 
by the SCALE Command (#75). 


INDEX OF COMMANDS 


Number Long Form Short Fora 
- 1 END/OF/JOB EQJ 
2 STOKE STR 
> CLEAR CLR 
4 DUMP DMP 
5 # ® 
6 REDEFINE REC 
7 EJECT EJT 
8 DISTANCE DIS 
9 LOCATE/AZIMUTH LAc 
10 LOCATE/ BEARING LBR 
ll LOCATE/ ANGLE LAN 
2 LOCATE/LINE LLN 
13 LOCATE/DEFLECTION LOF 
14 INVERSE/AZIMUTH Az 
15 INVERSE/BEARING I62 
16 PARALLEL/LINE PL 
17 TANGENT / OFFSET TOF 
18 RT/TRI/HYP RTH 
ig RT/TRI/LEG RTL 
- ANGLE AXG 
2) ARC/POINT ARC 
22 POINTS/ INTERSECT PIN 
23 Ac/ INTERSECT AIN 
e BR/ INTERSECT BIN 
25 DIVIDE/LINE DLE 
2 ARC/LINE/POINTS ALP 
ie ARC/ARC/ INTERSECT AA 
28 ARC/LINE/AZ ALA 
29 ARC/LINE/BR ALB 
30 DIVIDE/ARC DAE 
31 SEGMENT SEG 
32 SEGMENT/ PLUS SPL 
35 SEGMENT/MINUS SMI 
34 TANGENT TAN 
35 SIMPLE/CURVE SC 
36 DEF INE/CURVE DC 
37 ALIGNMENT ALN 
38 COORD/ POA CPA 
ys 39 COORD/OFFSET COF 
| 40 OFFSET/ALIGN OFA 
31 STATION/FROM/COORD SFC 
42 SIMPLE/SPIRAL S/S 
45 SPITRAL/ LENGTH S/L 
44 SPIRAL/OF FSET §/9 
45 COORD/ POSP CoP 
46 LINE/SPIRAL L/S 
B i COMPOUND/ SPIRAL C/S 
48 SPIRAL/SPIRAL SS 
49 CURVE/SPIRAL cs 
50 FIT/ALIGNMENT FA 
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AREA 
AREA, ALI NUTS 
AREA/ BEARINGS 
ARLASSTORI 
MULTIPLY/AREA 
TOTAL/AREA 

LOTS /COMP 
DIVIDE,/AREA 
ADJUST/DEFLECTION/LS 
ADJUST/ACIMUTIE LS 
ADJUST/BEARING/L 
VERTICAL/START 
VERTICAL/END 
EVEN, STATIONS 
OFFSET/ELEV 
CURVE /ORAIN 
SLOPE/LENGTH 
SCALE 

PLOT 

FEUTCSINES 

PLOT /CURVE 

PLOT /ALIGNMENT 
PLOT/POINTS 

PLOT /DASHL 

SCALE 
PLOT/SPIRAL 
PLOT/DESCRIPTION 
PLOT/ SYMBOL 
STOP/PLOT 

OPEN/ FILE 

CLOSE? FILE 

READ, FILE 
WRITE/FILE 
RT/TRI/FT 


